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A whole-house refurbishment is challenging due to the complicated decision making 

process and inefficient integration of diverse construction information at the early design 

phase to develop a proper refurbishment solution.  Although Building Information 

Modelling has been introduced to enhance the integration and coordination of 

construction information, current BIM uptake in the housing sector remains low with 13% 

due to a lack of practical guide for BIM utilization. 

Thus, this research aims at identifying essential and practical BIM input data to determine 

an affordable refurbishment solution.  This research adopts a case study with an energy 

simulation, and conducts a comparative analysis for reliability check of research 

outcomes.  Consequently, seven major BIM input datasets for the assessment and four 

major datasets for the design phases are identified to develop an information enriched 

BIM model, and it is revealed that BIM is feasible to utilise for housing refurbishment 

when essential datasets are compiled and integrated into a BIM model.  The findings of 

this research contribute to providing essential BIM input datasets that can be practically 

used for whole-house refurbishment and a better understanding of a BIM environment. 

Keywords: BIM, housing refurbishment, whole-house refurbishment 

INTRODUCTION 

The housing sector alone accounts for 27% of the total UK CO2 emissions (Kelly, 2009), 

and 87% of those housing responsible for the 27% CO2 emission will still be standing in 

2050.  Thus, the housing sector has a large potential to reduce CO2 emission by 

improving energy efficiency of homes to achieve the UK government’s CO2 emission 

reduction target by 2050, and refurbishment is considered a better option than demolish-

and-rebuild because of the financial and environmental benefits (Livingstone, 2008; Riley 

and Cotgrave, 2011).  Yet, currently housing refurbishment is partially implemented 

because low initial costs with a short payback period are mainly considered, although 

current refurbishment practice is only capable of achieving limited CO2 reduction with 25 

to 35% (McMullan, 2007; Thorpe, 2010).   

Consequently, there is increasing consensus among researchers that whole-house 

refurbishment is inevitable to achieve the reduction target (Boardman, 2007; Killip, 

2008).  The key benefits of adopting the whole-house refurbishment are significant 

amount of reduction of CO2 emission and energy cost savings through the lifecycle 

(DECC, 2009; Construction Products Association, 2014) because an entire house will be 
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refurbished in a systematic way by considering various refurbishment options and 

building information including housing condition data and energy performance.   

However, refurbishment solutions are proposed at the end of design phase in the current 

refurbishment process when flexibility of refurbishment solutions and opportunities to 

explore various refurbishment alternatives are significantly limited (Ma et al., 2012; 

Thuvander et al., 2012).  As a result, many researchers point out the absence of an 

integrated decision‐making framework to estimate the financial and environmental impact 

of a refurbishment solution from the early design stage.  Furthermore, they emphasise the 

importance of proper decision‐making and the necessity of using proper information and 

communications technology (ICT) tools that support construction professionals 

considering various refurbishment solutions at the early design phase (Froese, 2010; 

Crawley et al., 2008; Eastman et al., 2011; Hannele et al., 2012). 

In response to current issues and limitations, many researchers state the potential and 

importance of Building Information Modelling (BIM) for informed decision making on 

refurbishment solutions at the early design stages.  It is because BIM is capable of 

enhancing collaboration among stakeholders, and the improvement in integration of 

project information by exploring and comparing various refurbishment alternatives at the 

early design stages can lead to better refurbishment solution (Ma et al., 2012; Basbagill et 

al., 2013; HM Government, 2012).  Therefore, this research aims at identifying essential 

input data for housing refurbishment at the early design phase and exploring how to 

integrate this information into the BIM environment to seek a financially and 

environmentally affordable refurbishment solution by a case study with an energy 

simulation. 

Housing refurbishment and Building Information Modelling 

It is essential to cope with diverse information such as effectiveness of refurbishment 

measures, financial feasibility and environmental impact simultaneously from the early 

design phase (Killip, 2008), when there are more alternatives to select the most affordable 

refurbishment solution.  Furthermore, a refurbishment project has two major unique 

characteristics compared to new build housing: a) Higher Risk (Doran et al., 2009; 

Burton, 2012), and b) Complex Decision Making Process (Menassa, 2011; Thuvander et 

al., 2012), which requires more considerate planning and data management for a 

refurbishment solution. 

Indeed, a holistic approach to refurbishment solutions can achieve 60% of operational 

cost savings over 30 years by investing only 20% more capital cost in the construction 

phase (Flanagan and Jewell, 2005).  Rysanek and Choudhary (2013) assert that 

refurbishment projects should utilise a tool to support informed decision making among 

various refurbishment alternatives, while considering multiple criteria such as the 

implication of cost and the environmental impact.  According to Schneider and Rode 

(2010), 50% of possible refurbishment alternatives that can render better outcomes of 

refurbishment are neglected due to a lack of collaboration among key project stakeholders 

at the early design stage. 

 Potentially the use of BIM tools can improve the overall information flow throughout a 

project life cycle and facilitate collaborative efforts among project participants to 

integrate diverse construction information to make an informed decision at the early 

design phase (Eastman et al., 2011; Hannele et al., 2012; HM Government, 2012).  

Particularly, in a BIM environment, a single data source is built into a 3D model based on 

a parametric design, and project stakeholders are able to exchange instant feedback 
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simultaneously on designs and construction methods without manual re-entry of 

construction information.  Thus, this capability can achieve continuous improvement on 

decision-making processes as all information can be stored in a single repository and 

retrieved based on single‐source data (Froese, 2010; Eastman et al., 2011).  Despite the 

benefits of a BIM tool, current housing refurbishment practices to estimate the outcome 

of refurbishment projects rely on simple cost estimation tools and the experience of 

construction professionals (Kreith, 2008). 

This is because BIM has been mainly implemented into large-scale new build projects 

(Arayici et al., 2011), and small and medium sized enterprises are mainly involved in the 

housing sector, which contribute 92% (250,000 firms) to the total UK construction 

industry employment (ONS, 2014), and the BIM adoption in SMEs was identified as only 

13% as of 2010 (Hamil, 2010).  The use of BIM in SMEs is limited because there are no 

practical guidance and standardised BIM protocols to utilise BIM, and the investment in 

BIM systems is not economically feasible (Sebastian et al., 2009; NBS, 2015).  Although 

BIM standards such as PAS 1192 series have been developed and they provide a high 

level of 3D building model definition, they focus on a new build construction and there is 

no specific guidance about required data for each work stage.  Thus, this research focuses 

on identifying essential BIM input data for whole-house refurbishment at the early design 

phase. 

RESESARCH METHODOLOGY 

According to Yin (2003), a case study focuses on a contemporary event and answers to 

‘how’ and ‘why’ questions.  As this research explores why whole-house refurbishment 

should be implemented and how house information dataset can interact and relate in a 

BIM environment, a case study is adopted to answer the following questions: ‘why are 

different types of data required throughout the process?’ and ‘how can the required 

information be integrated and utilised in a BIM system?’ An actual model simulation with 

BIM datasets is conducted and a sample house model is examined by utilising relevant 

BIM tools: Autodesk Revit and IES VE. 

Both tools are the most common and verified tools because Autodesk Revit is the 

currently prevalent tool in the UK compatible with AutoCAD platform that is still widely 

utilised in the UK construction sector (NBS, 2015).  The IES VE has been evidenced by a 

number of researches for energy simulation in refurbishment and has a capability to 

simulate all possible building energy assumptions compared to other tools (Murray et al., 

2012; Crawley et al., 2008).  Since there is no ‘one‐size‐fits‐all’ solution for housing 

refurbishment in the UK (Jenkins et al., 2012), the tool must be capable of coping all 

possible alternatives and this requirement makes the IES VE relevant for this research.  

For a housing type, a solid wall house is determined since it is the most vulnerable to 

energy efficiency and in needs of refurbishment, which requires immediate attention 

(National Refurbishment Centre, 2012). 

In order to develop a basic 3D model for simulation, the average housing condition data 

published by the UK government was used as the solid wall housing indicates a wide 

range of variation in its condition such as year built, construction types physical 

dimensions, extra retrofitted measures and construction materials (Jenkins et al., 2012).  

This research follows the refurbishment project phases provided by the Institute for 

Sustainability and the work stage provided by the RIBA (Royal Institute of British 

Architects).  The RIBA has outlined a plan of work (2013) that has been widely adopted 

in the UK construction industry as a generic construction phase, and recently the Institute 

for Sustainability, which has a partnership with the Technology Strategy Board (TSB), 



Kim and Park 

58 

published ‘Low Carbon Domestic Retrofit’ guide to provide a sustainable housing 

refurbishment guide (Institute for Sustainability, 2011).  In particular, the TSB is a UK 

public body operated by the government coordinating ‘The Retrofit for the Future’ 

program by advocating the whole-house refurbishment.  Thus, the work stages and phases 

by two professional bodies are adopted for a BIM simulation process.  Prior to presenting 

the identified BIM datasets, this research checked reliability of BIM simulation result by 

conducting a comparative analysis with the previous research by a UK based professional 

consultancy on energy efficiency, which is Energy Saving Trust (EST, 2009).  The BIM 

for housing refurbishment has been rarely studied and there is no precedent case study 

except the one by EST.  Moreover, since both studies adopted whole-house refurbishment 

and used a solid wall house with the same U-values (See Table 2), the case study of EST 

is used for reliability check to confirm whether the datasets can draw the similar pattern 

in both research outcomes. 

Basic BIM Model: Detached Solid Wall House 

The information of a basic BIM model for simulation is provided as shown in Figure 1 

and Table 1 (Riley and Cotgrave, 2008, Utley and Shorrock, 2011, Neufert, 2012).   

 

RESULTS AND DISCUSSION 

Reliability check for BIM Simulation Outcome 

The reduction rates for energy demand for heating and energy cost for heating indicate 

high similarity, while the amounts of CO2 emission indicate 42% difference as shown in 

Table 2.  It is mainly because the EST included hot water and secondary heating while 

this research only included hot water.  Furthermore, the EST included building service 

upgrades such as mechanical ventilation and efficient lightings while this research utilised 
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default building service setting available in BIM tools. It is found out that different 

heating sources and level of building service upgrades are important measures for energy 

efficiency and CO2 reduction in housing refurbishment although this research did not 

include any specific building service upgrades as it is beyond this research scope. 

Although this research outcome, which is 52% reduction of CO2 emission, does not 

reflect the building service upgrades and the secondary heating, the research outcome is 

supported by the previous research results that the maximum of 60% CO2 reduction can 

be achieved through whole-house refurbishment without building service upgrades 

(Boardman et al., 2005; Construction Production Association, 2014). 

 

Thus, the BIM dataset identified through this research have shown its relevance for 

whole-house refurbishment and the simulation results show the significant energy cost 

savings and CO2 emission reduction after refurbishment in comparison with the previous 

research data.  Even though the building system upgrades and other heating source like 

renewable energy are out of scope in this research, they should be taken into account as 

possible options for energy efficiency, cost savings, CO2 emission reduction throughout 

housing refurbishment. 

Essential BIM Input data and refurbishment process 

This research examines the early refurbishment phases, ‘Assessment’ and ‘Design’ 

phases, to identify essential BIM input dataset for each work stage.  As a result, the 

essential BIM input datasets are identified and summarised as seen in Table 3. 

During the assessment phase, occupancy data is required to find out internal temperature 

and heating timing settings and SAP rating data will be used to set up a current energy 

use baseline for developing post-refurbishment energy use.  After the assessment phase, 

various refurbishment alternatives need to be explored and compared using 3D house 

information model.  When different refurbishment options are examined, the Building 

Regulations must be considered for the planning permission.  In particular, the risk 

assessment for continuity of insulations between two different house elements, e.g.  Wall 

and Floor junction, should be considered because the energy efficiency will be lower than 

planned due to loss of airtightness if continuity of insulations is not secured. 
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CONCLUSIONS 

This research identifies the essential BIM input datasets during the early design phase that 

enable construction professionals to utilise BIM for improving their current refurbishment 

practice: seven major input data for the assessment phase and four major input data for 

the design phase have been identified (See Table 3).  The results of this research show 

that it is important to prepare and integrate detailed house element information into a BIM 

model such as accurate as-built condition, cost and thermal performance information for 

successful BIM use in the housing sector.  A 3D BIM model without reliable information 

and requirements cannot add more value to the customers and the construction industry.  

Thus, accurate condition assessment of an existing house is the most important task to 

construct a reliable BIM house model.  Based on an information enriched BIM model, 

this research recognises that BIM can be feasible for housing refurbishment to facilitate 

an informed decision-making for an affordable refurbishment solution at the early design 

stage.  The findings of this research contribute to shed light on examining potential BIM 

use for housing refurbishment and providing a better understanding of essential BIM 

input dataset for whole-house refurbishment.  There has been a limitation to examine 

various combinations of refurbishment options such as building services systems and 
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renewable energy.  Since this research is confined to whole-house refurbishment without 

building services upgrades, generalisation to other whole-house refurbishment cases with 

different housing types and combination of refurbishment options should be treated with 

caution.  Also, the difference and allowance between simulated and actual results should 

be monitored and managed in whole-house refurbishment.  Future research should focus 

on exploring further in the BIM datasets for construction and operation phases of 

refurbishment projects. 
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