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Abstract

Affordable housing plays a key role in well-being and sustainable development. The energy efficiency and sustainability performance 

of these houses support environmental sustainability and reduce their operational cost and energy consumption. Furthermore, 

enhanced energy efficiency is a significant factor in affordable houses in the fight against fuel poverty. This paper underlines the 

importance of sustainable affordable houses for reduced life cycle costs and enhanced welfare and well-being of its residents. 

Based on an in-depth literature review, considering the entire life cycle of affordable houses, this paper aims to investigate usage of all 

BIM dimensions and their application areas for enhancing sustainability and affordability of affordable housing as a key for effective 

housing policies. The integrated usage of Building Information Modelling (BIM) and energy simulation software has the potential to add 

value to the affordable houses as this integration supports energy savings and enhanced sustainability performance throughout the 

building's life-cycle. This paper highlights BIM’s usage for energy and facility management. Furthermore, this paper emphasises the 

importance of the policies for effective solutions to the housing problem and recommends holistic policies based on a systematic 

and interdisciplinary approach to the housing problem. This paper highlights the political economy of affordable housing policies and 

suggests affordable housing policies request usage of BIM throughout the entire life cycle of affordable houses.

Keywords

BIM for sustainable and affordable housing, affordable housing, technologies, policies, energy management, facility management, 

BIM, political economy

1 Introduction
Housing is an individuals' primary right (Bruen et al., 2013) 
and primary need as it is related with the first step of 
the Maslow's hierarchy of needs (Sertyesilisik, 2019). 
The supply of affordable housing (AH) is important 
(Bruen et al., 2013) as AH is vital for meeting housing 
needs (Oyebanji et al., 2017). Furthermore, AH plays 
a crucial role in enhancing social equity and cohesion 
(Napoli et al., 2016). For this reason, it is not only related 
to the economic and environmental pillars of sustainabil-
ity but also with its social pillar. In other words, housing 
quality is essential for residents' welfare and well-being 
(Gopalan and Venkataraman, 2015).

Affordability in the housing sector shows the abil-
ity of an average income family to purchase a house 
(Udawattha and Halwatura, 2017). For this reason, afford-
ability is mainly related to the relationship between 
the cost of housing and individual's purchasing power. 
Menshawy et al. (2016) emphasise that any house with any 
price is affordable for some people, whereas no housing 
is affordable for some other people unless it is free. AH is 
directly related to household income (Napoli et al., 2016).

AH is affected by the demand and supply constraints 
related to various factors, including people's welfare, 
general cyclic state of the economy, land availability, 
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affordable price, infrastructure, legal and regulatory 
framework. (Khan, 2012). Intensified rapid urbanisa-
tion and lack of proper regulations are among the barri-
ers encountered in the AH sector (e.g. scarcity of land) 
(Khan, 2012; Gopalan and Venkataraman, 2015).

All these issues are related to the pre-construc-
tion and construction phases, whereas cost-effective-
ness needs to be achieved throughout the building's life-
cycle. Even if low-quality/less durable products' usage 
can reduce the initial investment cost, this approach can 
reduce a building's lifetime and increase its maintenance 
costs (Wallbaum et al., 2012). This situation conflicts 
with the sustainability principle due to the wasted mate-
rial. Furthermore, it especially conflicts with low-income 
individuals' needs and priorities as their budget is rela-
tively more sensitive to the lifecycle cost of their houses. 
For this reason, as the AH sector's main target segment is 
the low-income group, the AH problem needs to be solve 
considering the fuel poverty problem and building's lifecy-
cle cost. Initial investment cost as well as operation, main-
tenance and repair costs need to be considered in afford-
able house construction. This situation emphasises the 
importance of the sustainability performance of affordable 
houses throughout their lifecycle and enhances the effec-
tiveness of their FM (facility management). Enhanced sus-
tainability performance of affordable houses can contribute 
to the reduction in their lifecycle cost. Sustainable houses 
can provide cost savings during the operation and mainte-
nance phases (Menshawy et al., 2016). Furthermore, living 
in sustainable houses can motivate the residents to behave 
more sustainably, as supported by Moore et al.'s (2017) 
study on low-energy social housing dwellings in Horsham, 
which revealed residents' low electricity consumption. 
Hodges (2005) states that the need to reduce energy and 
water consumption as well as fossil fuel dependence fos-
ters sustainability in the built environment.

BIM (Building Information Modelling) is a complex 
tool with dimensions from 3D to 7D and needs to be 
used by all stakeholders from the beginning of the proj-
ect to the operation and maintenance phase to get full 
efficiency from BIM (Bionova Ltd., 2017). Phillips and 
Forman (2018) listed the deficient understanding of the 
BIM concept among the main barriers. 

This study investigates the usage areas and effects of 
all dimensions of BIM in AH projects to create synergy 
and to obtain high efficiency from the usage of BIM in AH 
projects in terms of sustainability and affordability as well 
as to deal with the barriers emerged due to incomplete 

understanding of BIM. Considering the entire life-cy-
cle of affordable houses, this paper aims to investigate 
usage of BIM application areas in connection with their 
dimensions for enhancing sustainability and affordability 
of AH as a key for effective housing policies. With this 
aim, the objectives were to: investigate the relationship 
between all dimensions and application areas of BIM and 
affordable houses' affordability and sustainability; inves-
tigate the roles of BIM in enhancing sustainability and 
energy performance of AH throughout its lifecycle; pro-
vide recommendations for AH policies. Particular focus 
is on BIM's contribution to reducing energy consump-
tion throughout the buildings' lifecycle. This paper also 
emphasises the role of FM in enhancing sustainability 
performance and cost-effectiveness in the operation phase 
of AH. Furthermore, this paper puts emphasis on the role 
of the effective, systematic, and interdisciplinary policies 
to solve the housing problem.

2 Dimensions and application areas of BIM and their 
relation to affordability and sustainability of AH
The feature that distinguishes BIM from other model-
ling techniques is that the 3D model is a platform that 
allows a variety of applications to be used at different 
phases of the project (Barnes and Davies, 2014). Various 
studies in the literature focus on the advantages of cer-
tain BIM dimensions at certain phase of construction 
project management. For example, Slattery (2019) illus-
trates that features like installation certification, mainte-
nance records and location of safety equipment provided 
by 7D BIM are extremely useful in maintaining social 
housing. 6D BIM provides opportunities such as imple-
menting Post Occupancy Evaluation (POE) to existing 
social housing projects even if they are not built with BIM 
(Gonzalez-Caceres et al., 2019). BIM makes identification 
of POE process and data sharing among stakeholders more 
effective and efficient with the help of Business Process 
Modelling Notation (BPMN) and Industry Foundation 
Classes (IFC) by reducing the number of errors and the 
time spent analysing existing social housing projects 
(Gonzalez-Caceres et al., 2019). Furthermore, Alileche 
and Shahrour (2018) emphasise that BIM usage in current 
AH projects could help facility managers deal with build-
ing depreciation and excessive expenses. Case studies 
regarding BIM Performance Assessments revealed BIM's 
potential to reduce the change orders by 32 %, increase 
total profitability by 41 %, and improve scheduling by 
57 % (McGraw-Hill Construction, 2009). 
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BIM offers a variety of application areas for its use 
in all dimensions. Barnes and Davies (2014) categorised 
16 application areas into BIM dimensions. These applica-
tion areas are examined in terms of their relationship to 
affordability and all three pillars of sustainability (Table 1). 
Among these 16 application areas, 11 of them were directly 
supported by the literature review with respect to their 
relationship to affordability and sustainability (Table 1). 
As Table 1 reveals, all dimensions of BIM have a relation-
ship with affordability and sustainability. BIM is import-
ant for supporting the sustainability and cost-effective 
performance of the buildings throughout their lifecycles. 
The studies referred to in Table 1 mainly focus on spe-
cific dimensions and application areas of BIM. It is nec-
essary to focus on the BIM dimensions usage covering 
all their application areas to achieve the full potential of 
BIM in contributing to the affordability and sustainabil-
ity, which is essential for enhancing the affordability and 
sustainability of AH throughout its lifecycle.

3 Roles of BIM in enhancing sustainability and energy 
performance of affordable houses
BIM has potential to enhance the sustainability and energy 
performance (EP) of AH projects in the design phase through 
its integrated usage with the simulation tools and its ability 
to provide inputs to the design optimisation. Furthermore, 
its usage in design and construction phases has potential 
to enhance cost effectiveness as well as reduce waste from 
the lean and sustainability point of views. Its use in the 
operation phase and for FM has the potential to further sup-
port and supplement its contribution to the sustainability 
and EP of the buildings. BIM-based energy simulation (ES) 
in the design and operation phases as well as BIM-based 
FM topics are examined in the following sections.

3.1 BIM-based energy simulation
BIM-based ES is carried out in the design and operation 
phases of buildings. BIM-based ES in both phases com-
plement each other in ensuring the EP of the buildings 
throughout their life cycle.

Table 1 BIM dimensions and their relationship with affordability and sustainability

BIM 
dimensions

Application areas
(Barnes and Davies, 

2014)
Affordability aspect References Pillars of 

sustainability References

3D BIM

Clash detection Reduced rework, minimised waste,
cost-saving, decreased initial cost

(Bockstael and Issa, 
2016)

Economic,
Environmental (Zhabrinna et al., 2018)

Prefabrication
Minimised waste, decreased initial 

cost, better quality, improved 
schedule

(Mohamed Aris et al., 
2019)

Economic,
Environmental

(Mohamed Aris et al., 
2019; Liu et al., 2019; 

Ostrowska-Wawryniuk, 
2020)

4D BIM
Construction 
planning and 
management

Early involvement of stakeholders,
cost-saving, reduced schedule,

sustainable materials 
manufacturing

(Lee and Kim, 2017; 
Gong et al., 2019)

Economic,
Environmental

(Lee and Kim, 2017; 
Gong et al., 2019)

5D BIM Whole-life cost and 
lifecycle cost (LCC)

Early-stage analyses, decreased 
LCC

(Ahmad and Thaheem, 
2018)

Economic,
Environmental

(Ahmad and Thaheem, 
2018)

6D BIM

Energy Early-stage analyses, decreased 
LCC, design alternatives

(Barnes and Davies, 
2014)

Economic,
Environmental

(Barnes and Davies, 
2014)

Lifecycle analysis
Material and building element 

analyses, reduced waste, reduced 
embodied water

(Barnes and Davies, 
2014)

Economic,
Environmental

(Barnes and Davies, 
2014)

7D BIM

Improved space 
management Reduced errors, decreased LCC

(Nical and Wodynski, 
2016; Kaewunruen et al., 

2020)

Economic,
Environmental

(Nical and Wodynski, 
2016; Kaewunruen et al., 

2020)

Streamlined 
maintenance

Condition monitoring, 
accessibility, decreased LCC

(Nical and Wodynski, 
2016)

Economic,
Environmental

(Nical and Wodynski, 
2016)

Efficient use of 
energy

Early involvement, material 
selection, decreased LCC, energy 

analyses and control, reduced 
carbon footprint

(Nical and Wodynski, 
2016; Kaewunruen et al., 
2020; Montiel-Santiago 

et al., 2020)

Economic,
Environmental,

Social

(Nical and Wodynski, 
2016; Kaewunruen et al., 
2020; Montiel-Santiago 

et al., 2020)

Economical 
renovations Decreased LCC (Barnes and Davies, 

2014) Economic (Barnes and Davies, 
2014)

Lifecycle 
management

Early involvement, decreased LCC, 
optimised embodied energy and 

operating energy

(Edwards et al., 2019; 
Montiel-Santiago et al., 

2020)

Economic,
Environmental,

Social

(Edwards et al., 2019; 
Montiel-Santiago et al., 

2020)
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3.1.1 BIM-based ES in the design phase 
The buildings' decision-makers need to know the buildings' 
environmental impact/footprint and have energy analyses 
for sustainable building management (Wang et al., 2011). 
BIM has potential to contribute to the energy efficiency 
performance of affordable houses starting from the ini-
tial design phase. Petri et al.'s (2017) European research 
project entitled "Sporte2" supported BIM's role in enhanc-
ing buildings' energy efficiency and energy optimisa-
tion. BIM has the potential for contributing to the opti-
misation of building sustainability assessment methods 
(Carvalho et al., 2019). There are various BIM tools for 
making the design more transparent from the energy 
(Beazley et al., 2017) and sustainability perspectives. 
For example, BIM-based SBToolTM is capable of assess-
ing 24 criteria (Carvalho et al., 2019).

Furthermore, BIM can enhance sustainable building 
design process through its integrated usage with compati-
ble tools (e.g., Green Building Studio and Ecotect), as sup-
ported by Oduyemi et al.'s (2017) research on a building 
at Derby North riverside. BIM can contribute to overcom-
ing the EP gap problem in affordable houses. Social hous-
ing in Mexico has high energy demand due to poor design 
and thermally inefficient construction materials (Romero-
Pérez et al., 2017:p.29). BIM tools contribute to build-
ings' EP by enabling performance assessment of iterative 
designs, timely consistent feedback throughout the design 
process (Beazley et al., 2017).

3.1.2 BIM-based ES in the operation phase and 
BIM-based as-built ES
The EP of the building needs to be checked through-
out its operational phase. As-built ES helps users man-
age their energy consumption for existing buildings 
(Wang et al., 2011). While architects and engineers 
have used BIM in the design phase for several analyses 
(e.g., drawing, modelling, cost estimations, and sched-
uling), Building Energy Management Systems (BEMS) 
are being used to collect proper data of the operational 
stage of buildings because of the need for further anal-
ysis regarding the buildings' energy consumption (Moon 
and Choi, 2014). Problems encountered in the as-built ES 
differ from the problems encountered in the design phase 
(Beazley et al., 2017). As-built ES needs preparations such 
as documentation of the existing building features (e.g., 
floor plans, materials used to build, window and door spec-
ification and sizes) (Wang et al., 2011). Documentation and 
drawings of existing buildings are complicated according 

to the nature and form of the building as well as mainte-
nance (Mitchell and Schevers, 2005). For example, Sydney 
Opera House's hand drawings have been transformed 
into CAD in the 80s and later to an as-built BIM project, 
which enabled its energy consumption, security system, 
and building services to be managed so that energy and 
administration expenses of the building could be reduced 
(Mitchell and Schevers, 2005).

3.2 BIM-based FM
There is a need for effective FM in affordable houses so that 
these houses can be operated effectively with relatively low 
operation and maintenance costs. Sirombo et al.'s (2017) 
case study-based research supported the impact of the feed-
back of the building monitoring system to deal with the 
facility and energy management problems of multi-family 
social housing. Similarly, research shows that the opera-
tion phase of large-scale commercial structures is 19 times 
higher in terms of energy consumption than other stages 
(Dowsett and Harty, 2013). Even if aligning FM practices 
with sustainability is crucial, conventional storage of doc-
uments and inadequate interoperability of FM programs 
(International Facility Management Association (IFMA), 
2013:pp.2–3) can hinder effectiveness and success in the 
FM phase. BIM-based FM helps deal with this problem. 
BIM-based FM also enhances the advantages of FM prac-
tices. These advantages include: increased productivity 
through improved interoperability and documentation, 
increased operational cost savings through detailed cost-ben-
efit analyses, improved planning performance through coor-
dinated and integrated planning considering energy and 
environment (Sanchez et al., 2014); improvement in the pro-
cesses in terms of speed and effectiveness (Mitchell and 
Schevers, 2005); and complete control on both cost and per-
formance of the building (Mitchell and Schevers, 2005).

4 Integrating BIM into the affordable housing policies
The effectiveness and success of AH policies reveal the 
respect level of the countries to their people. Effective 
AH policies are needed to deal with the housing problem 
(Sertyesilisik, 2019). Government plays a crucial role in 
meeting housing needs (Oyebanji et al., 2017). AH policies 
are directly related to people's primary needs (e.g., shelter) 
in Maslow's hierarchy of needs. These policies can affect 
countries' sustainable development. For example, hous-
ing policies can have impact on health, both downstream 
(e.g., affecting housing quality, affordability, and insecu-
rity) and upstream (e.g., affecting housing policy design, 
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implementation, and management) (Willison, 2017:p.1113). 
There is a multiplier effect in the political economy of the 
effective sustainable AH policies on the sustainable devel-
opment. Furthermore, government policies can influence 
house ownership percentage. For example, the UK's right to 
buy public housing is an example of increasing house own-
ership (Disney and Luo, 2017). Government policies can 
support the supply of and demand for affordable houses.

The effectiveness of AH policies is enhanced con-
sidering critical success factors for sustainable AH. 
Oyebanji et al.'s (2017) research reviewed revealed 
these factors. Furthermore, AH policies need to be 
coherent with the sustainable development strategies. 
Oyebanji et al. (2017) emphasized the importance of 
effective, sustainable development strategies as well as 
the financial, legal and institutional frameworks for sus-
tainable social housing delivery. On the other hand, Ortiz 
and Johannes (2018:p.63) recommended policies to con-
tribute to the reduction in the housing cost burdens as well 
as to enhance public awareness of the housing conditions' 
effects on health so that solution to the housing problem 
in the US is supported. Policies need to be accountable 
and transparent, enhancing governmental integrity and 
protecting people (Willison, 2017:p.1113). Furthermore, 
effective AH strategies need to cover technical, financial, 
and political pillars (Sertyesilisik, 2019). Sustainable AH 
policies need to cover the entire life-cycle of the build-
ings and encourage their retrofitting for enhancing their 
sustainability performance. Retrofitting can enhance 
residents' well-being and building's energy efficiency 
(DellaValle et al., 2018). European directives encour-
age the EU countries to perform energy retrofits of their 
buildings (Monteiro et al., 2017). For example, Milan's and 
Lisbon's municipalities have performed pilot renovations 
of public housing estates with the help of the EU funded 
Sharing Cities project (Monteiro et al., 2017).

Sustainable AH policies need to request BIM-based 
construction project management and FM. Even if AH pol-
icies tend to primarily focus on meeting the housing needs 
of the low-income group both in developed and developing 
countries, they need to focus on how to enhance the sus-
tainability performance of affordable houses and encour-
age sustainable AH. Bionova Ltd.'s (2017) ARA (The 
Housing Finance and Development Centre of Finland) 
funded report states that combining AH, sustainability 
and BIM is an opportunity to meet various governmen-
tal goals like providing AH, digitalising the construction 
industry and reducing the carbon footprint of construc-
tion. Dowhower (2010) demonstrates the superiority of 

BIM-based workflow in terms of affordability and sustain-
ability over CAD-based workflow with the help of AH case 
study. Sertyesilisik (2019) emphasised the importance of 
the sustainability performance of AH. Sustainability per-
formance is generally neglected in the AH projects partly 
because of the belief that sustainable products or features 
of the buildings can increase their initial investment cost.

In contrast to this belief, effective sustainability policy 
and enhanced sustainability performance of the buildings 
can reduce life cycle costs. Furthermore, a reduction in the 
overall expenditure is an outcome of the enhanced sus-
tainability performance and a solution to many other prob-
lems affecting the welfare and well-being of residents. 
BIM is one of the main pillars for sustainable AH proj-
ects. Usage of BIM can enhance sustainability and reduce 
the life cycle cost of AH projects. It is beneficial in the 
design, refurbishment, operation and maintenance phases 
of affordable houses by enhancing the efficiency of the 
processes especially through the real-time data obtained 
from the BIM model and ES.

5 Discussion
Political economy of effective policies for sustainable AH 
can contribute the countries to better deal with the fuel 
poverty and health care expenses. In other words, AH pol-
icies can influence social peace, crime rate, and health 
costs. Enhancing the sustainability performance of afford-
able houses can reduce buildings' lifecycle cost and con-
tribute to the fuel poverty problem solution and the wel-
fare and well-being of its residents (Fig. 1). Additionally, 
enhanced sustainability performance of houses can con-
tribute to their affordability (Fig. 2). All these contribu-
tions show the political economy aspect of affordable 
houses and importance of effective AH policies.

Fig. 1 Expected advantages of enhancing sustainability performance of 
affordable houses
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The marginal utility of each effective and successful 
policy for the affordable house is related to its contribution 
to the economy, people's welfare and well-being. The mar-
ginal utility of each policy is enhanced through a holistic 
approach covering its economic, innovative, technological, 
social, and environmental pillars. Sustainable AH policies 
need to request and encourage the usage of BIM in all con-
struction project management and FM phases as well as 
the integration of contemporary trends (e.g., biomimicry 
and urban farming, on top roof planting) and sustainable 
technologies into the AH design to support sustainability 
performance of the buildings and all pillars of sustainabil-
ity. Sustainable technologies can act as multiplier factors 
of the sustainability performance of the affordable houses 
(e.g., water and energy-efficient appliances, smart supply 
chain, smart production process, smart FM). Furthermore, 
sustaining sustainability and comfort of the affordable 
house through regular maintenance and upgrading of the 
building supported by the BIM-based FM must be a fac-
tor to be covered in and encouraged by the AH policies. 
Additionally, BIM has capacity to contribute to achieve 
effective coordination and eliminate waste both from 
the lean and sustainability perspectives. It contributes to 
the countries' economies through effective usage of their 
resources and enhanced cost-effectiveness of their invest-
ments. This situation reveals BIM's indirect influence on 
sustainable development. AH policies need to enable get-
ting benefit from the advantages of BIM dimensions and 
application areas covering AH's lifecycle aspect.

6 Conclusion and recommendations
This paper emphasised BIM's diversified roles in sustain-
ability and affordability of AH and sustainable AH pol-
icies. Sustainable and energy-efficient affordable houses 
are achieved through the BIM usage for the building's 
entire lifecycle covering construction project management 
and FM phases. Sustainability contributes to the afford-
ability of housing. Usage of BIM increases both the sus-
tainability and affordability of AH projects.

Taking advantages of all opportunities provided by 
BIM requires all-in-all integrated and holistic approach 
for its implementation. This study illustrates the various 
outputs of different dimensions of BIM in terms of sus-
tainability and affordability (Table 1). For example, as 
clash detection (Bockstael and Issa, 2016) is among the 
main application areas of 3D BIM in terms of affordabil-
ity and sustainability, they can support AH. Clash detec-
tion is important for reducing the number of reworks 
minimising waste, and providing a cost saving, which 
eventually leads to a decrease in initial costs. 4D BIM 
is important for the improvement of the schedule (Lee 
and Kim, 2017; Gong et al., 2019) and all stakeholders 
are involved with the process earlier with the help of the 
interactive BIM model, which allows them to discuss sus-
tainability performance issues, affordability and the sup-
ply of sustainable materials. As 5D BIM allows partici-
pants to make early cost analyses concerning whole-life 
cost and lifecycle cost (Ahmad and Thaheem, 2018), 5D 
BIM is important to optimise values regarding affordabil-
ity and sustainability of AH. Furthermore, since 6D and 
7D BIM are related to sustainability and FM, all applica-
tion areas in these dimensions have constructive effects 
on the sustainability of AH.

While BIM's general usage is a process improvement tool 
for design and construction, it should also be widely imple-
mented in the operation phase. BIM usage in the design, 
construction, and operation phases has potential to show 
its effect, especially on end-users. Effective BIM usage 
is vital for enhancing end-users' satisfaction, well-being 
and welfare. Besides increasing the sustainability perfor-
mance, end-users will also benefit from BIM together with 
the contractor and owner. Considering the target group of 
AH projects, the decrease in maintenance and energy costs 
is crucial for end-users. As each BIM dimension and its 
application areas have potential to contribute to the afford-
ability and sustainability of AH, they need to be covered in 
AH policies. This also reveals the importance of housing 
policies benefiting from the technological improvements 
and innovations in the built environment.

In countries where BIM use is mandatory for public 
projects, the impact of BIM on AH projects is observable. 
In other countries, BIM usage should be increased in the 
construction sector to observe its effect on sustainability 
and affordability. With this widespread usage, as more 
end-users and stakeholders experience the positive effects 
of BIM, demand for BIM usage in all phases of construc-
tion projects, including AH projects, will increase.

Fig. 2 Relationship among sustainability, affordability and BIM
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Effective, sustainable AH policies are essential for 
effective solutions to the housing problem. Political econ-
omy aspects of AH policies further support their impor-
tance. These policies are recommended to be holistic with 
a systematic and interdisciplinary approach to the hous-
ing problem. They should encourage usage of all dimen-
sions of BIM and its related applications in the AH proj-
ects covering their entire lifecycle aspects.  This paper 

contributes to the literature with respect to its emphasis 
on the usage and role of BIM dimensions and their appli-
cation areas, focusing on AH’s lifecycle. Furthermore, this 
paper contributes to the literature as it emphasises that AH 
policies need to cover and encourage usage of BIM dimen-
sions and their application areas covering AH's lifecycle. 
This paper is useful for researchers and academics as well 
as for stakeholders of the construction industry.
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