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Abstract: In the construction industry, decision-making plays an important role in achieving sus-
tainability. Decision-making processes have significantly expanded to consider detailed product
information when selecting sustainable alternatives in order to make more accurate choices; however,
it has also turned out to be a barrier due to the knowledge intensiveness of the process and unreliable
product information, especially in SMEs (small and medium-sized enterprises). This research focuses
on developing a simple decision-making framework for selecting sustainable products as alternatives.
The proposed framework is developed with analysis of two transparent factors: (1) life cycle cost
and (2) technology growth rate. A decision-making model also provides a visual comparison of the
alternatives in consideration with quadrant model. The resulting framework provides a distinct
anticipated outcome description for each product considered; thus, enabling the decision-makers to
identify and choose the most suitable alternative. The framework is expected to influence the spread
of sustainable products in SMEs.

Keywords: sustainable products; decision framework; obsolescence; life cycle cost; SMEs

1. Introduction

The construction industry can play an important role in building a sustainable envi-
ronment on our planet. The construction industry has shown considerable influence on a
number of global environmental issues. These include: 23% of all air quality pollution; 50%
of CFC (Chlorofluorocarbons) gas production; 40% of water pollution; 50% of landfill waste
generation; 50% of ozone depletion; 80% of agricultural land loss; 50% of coral reef de-
struction; and 25% of rainforest destruction [1]. The products used in construction projects
also cause a significant portion of these impacts. As reported by Hamner [2], around
three billion tons of raw materials are used annually to manufacture building products
worldwide, which is 40–50% of the total material flow in the global economy. To address
this issue, sustainable products are produced as alternatives to almost all the products used
in the construction industry [3]. Sustainable products are those products that generate
greater positive or lower negative social, environmental, and economic impacts along the
value chain from producer to end-user than conventional products [4].

Although adopting sustainable products in the construction industry is identified
as the easiest way to achieve sustainable development [5], the selection of sustainable
products as alternatives has been found to be one of the most difficult tasks in the con-
struction industry [6]. Recent research suggests that one of the most important the factors
affecting the selection of sustainable materials is the perception of the extra costs that may
be incurred; meanwhile costs are dealt with by lifecycle costing (LCC) approaches and
the initial investments are being compensated for in the long run by savings and returns.
In addition, the lack of sustainable material information is another of the main barriers
to sustainable material selection [7]. The LEED (Leadership in Energy and Environmen-
tal Design) certification program encourages and accelerates the adoption of sustainable
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products across building projects, and there are over 460 environmental labels worldwide
regarding sustainability [8]. Nevertheless, reports show that only 6% of EU citizens com-
pletely trust producers’ claims about their products’ environmental performance [9]. The
lack of sustainable material information and the reliability of the information that is being
provided is a major setback for decision-makers to select a sustainable product as an al-
ternative [5–7,10–13]. This kind of reliability issue exists because most of these labels are
developed by third-party organizations, such as NGOs (Non-Governmental Organization),
or by the collaboration of different organizations with little or no government involvement
in the labeling processes. With global sustainability standards still under development,
there is a major concern for the reliability of these data. This raises the issue of the data
transparency provided by the seller, in terms of being able to cross-verify the data. The
uncertainties existing with products of this kind require evaluation to achieve realistic
and transparent results of the product [14], but time and budget constraints hinder the
testing of new products and systems before application [15], especially in SMEs [16]. In a
developing nation such as India, the distribution of Small and Medium Enterprises (SMEs)
in the construction industry is around 30,000 small-scale firms, 500 medium scale firms,
and 120,000 unregistered contractors compared to 250 large firms [17]. Similarly, among
the enterprises in the European Union (EU), 99 percent of them are considered SMEs and
they contribute to 70 percent of industrial pollution in the UK alone [16]. To summarize,
the rapid growth of the product market and the lack of global standards for sustainable
products have affected the reliability of the factors used in decision considerations of con-
struction company. Additionally, added features and considerations of factors from “cradle
to grave” of sustainable products have significantly increased the complexity of product
selection methods, in comparison with the traditionally used methods.

As an effort to address this issue, a simple decision-making framework that considers
transparent factors for choosing sustainable products as alternatives is developed. The
applicability of the framework is expected to influence the global spread of sustainable
products in all scales of construction projects, which is otherwise prevented by the negative
perceptions and difficulties in decision making. The research focuses on identifying the
least number of quantifiable factors that are collectively homogeneous to each individual
product while being sufficiently reliable to make decisions. Using these factors, a decision-
making model that provides a visual comparison of each alternative, and a description of
the state of each alternative, is developed within the framework. The preliminary study
helps to understand sustainable products and various decision methods that have been
introduced to choose the alternatives. Additionally, this step provides information to
select the criteria, factors, and processes that align with the research objective. The second
step includes the developed decision-making framework and its process description. This
step includes the description of criteria, factors, and the methods to calculate the factors,
and then the steps involved in how the factors are substituted in the model, followed
by the model and its significance. The third step includes an applicability study of the
framework, and a case study as validation of the framework, followed by discussions, and
then the conclusion.

2. Sustainable Products and Decision Methods

According to UNESCO (United Nations Educational, Scientific and Cultural Organiza-
tion), sustainability is a paradigm for thinking about the future in which environmental,
societal, and economic considerations are balanced in the pursuit of improved quality of
life; meanwhile, the processes and pathways to achieve sustainability are referred to as
sustainable development. The selection of sustainable products is one such process to
achieve sustainability. To understand the potential of the influence of sustainable prod-
ucts in the construction industry, compare the fact that being a developed country, half
of the US building stock required by 2050 has yet to be built, with the condition of de-
veloping countries, where over 80% of the global population lives [2]. According to the
Leadership in Energy and Environmental Design (LEED), the green building process so far
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uses environmentally friendly materials that can save 350 metric tons of CO2 emissions
annually [18]. This provides a glimpse into the sustainable future of our planet with the
help of replacing all non-sustainable products with sustainable products. Unlike green
products, the sustainable products used in the construction industry are hard to define
objectively. One of the reasons is that sustainability considers the impacts on economic
and social aspects, along with environmental aspects, while green production focuses
on the environmental aspects of products. Green products are defined as products that
contain recycled materials, reduce waste, conserve energy or water, use less packaging,
and/or reduce the amount of toxins disposed or consumed [19]. Although generalized,
the research follows the definition of sustainable products by Borregaard [4], who defined
sustainable products as those products that generate greater positive or lower negative
social, environmental, and economic impacts than do conventional products, along the
value chain from producer to end-user.

Previous studies on the selection of sustainable products are studied to understand
the selection process of sustainable products and the methods used (Table 1).

Table 1. Previous Studies on decision-making for Sustainable Products.

Author Decision for Method Used Evaluation Criteria/
Factors Scope Observations

Arroyo et al. [20];
Parrish et al. [21];
Grant [22];
Nguyen et al. [23]

Sustainable Alternatives Choosing by
Advantage (CBA) Product /component/system specific Comprehensive/undefined Data intensive

Dangana et al. [14] Sustainable technology
for retail buildings

Multi-Criteria Decision
Analysis (MCDA) Value Tree Developed Limited/well defined Simplified and

transparent

Akadiri et al. [24] Sustainable materials for
building projects

Fuzzy extended
AHP (FEAHP) Sustainable Triple bottom line based (TBL) Comprehensive/well defined Knowledge intensive

Lounis et al. [25] Sustainable and
resilient infrastructures

Risk-Informed
Decision Making Product /component/system specific Comprehensive/undefined Knowledge and

data intensive

Piotr et al. [26] Renewable/ Sustainable
Energy Systems Borland Delphi Product /component/system specific Limited/well defined Data intensive

Hossaini et al. [27] Sustainable Materials Energy-Based Life Cycle
Analysis (Em-LCA) Product /component/system specific Comprehensive/undefined Knowledge and

data intensive

Govindan et al. [28] Sustainable Materials DNAP 1 and TOPSIS 2 Product /component/system specific Comprehensive/undefined Knowledge and
data intensive

Lippiatt [29] Green building products LCA 3 and LCC Product /component/system specific Comprehensive/well defined Knowledge and
data intensive

1 Decision-making Trial and Evaluation Laboratory (DEMATEL) and analytic network process (ANP); 2 Techniques
for order preference by similarity to an ideal solution; 3 Life Cycle Assessment.

The studies included multiple decision-making methods that promised to provide
highly accurate decisions. Lifecycle Assessment (LCA) [27,29] is one such method, but
detailed LCA is critically dependent on high volumes of product-specific data, and is
often unaffordable [30]. Similarly, the DNAP-TOPSIS [28] and Risk-Informed Decision-
making [25] methods also require detailed knowledge and extensive data to make decisions.
Additionally, hybrid methodologies, such as Fuzzy extended AHP [24], require knowledge
of specific software tools to perform. Multicriteria Decision Analysis (MCDA) [14] methods
are proven to provide simplified and transparent decisions to choose sustainable products.
Choosing by Advantages (CBA) is one such MCDA method that has a very basic, but
promising, logic of choosing the products based on the number of advantages, in the case
of having reliable data. Lastly, the Borland Delphi method by Piotr et al. [26] shows that a
minimalistic amount of support from modern software technologies could yield promising
decisions. However, ‘the lack of comprehensive tools to compare material alternatives’
remains an important barrier affecting the selection of sustainable products in building
projects [7,31–33]. Previous research has either provided decision methods for generalized
sustainable product categories or product-specific methods. The generalized methods bring
into question the effectiveness of such methods for all of the products in scope, whereas
the product-specific methods demand knowledge of multiple methods/criteria to cover a
comprehensive set of products.
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3. Framework Development

By combining the knowledge gained from the preliminary study, a decision-making
framework was developed. Firstly, the decision criteria and the factors addressing the
decision criteria were established. Then, the decision-making framework was created.
Finally, the decision model that will be within the framework was developed.

3.1. Decision Criteria—Economic Value, Obsolescence and Risk

To choose suitable alternatives from sets of both sustainable and conventional products,
suitable decision criteria that are specific to sustainable products were identified from the
preliminary studies performed. These criteria were selected through the literature review
based on their importance relevant to the decision-makers in SMEs, and the current market
situation of the sustainable products was taken into consideration.

3.1.1. Economic Value

The cost of sustainable products is the most frequently cited barrier affecting the
selection and use of sustainable materials [7], as even the perception of the extra cost
being incurred is one of the most important barriers that affect the selection of sustainable
materials [13,32,34,35]. Considering that cost is the most important criterion, it is required to
be justified in terms of the economic value of the product from purchase to disposal/resale.

3.1.2. Obsolescence

Obsolescence occurs when products become “out of use” or “out of date” [36]. A
study on demands for private sector housing refurbishment concluded that obsolescence,
rather than deterioration, was found to be an overwhelmingly important basis for refur-
bishment [37]. The direct effect of product obsolescence is the tremendous amount of waste
it generates [36].

Obsolescence has been comprehensively addressed in the defense, aerospace, elec-
tronics, and software sectors in over 60 research articles, and with over 15 obsolescence
management tools (Rojo et al., 2010) [38], but not much consideration has been given in
the construction industry, where the effect of obsolescence has, until recent times, been
relatively low, which correlates with the concern about the amount of waste generated
by the construction industry. The sustainability perspective of the industry now needs to
consider obsolescence as a decision criterion to uphold sustainability [39–42].

3.1.3. Risk

Risk of “newness” is the risk of not meeting the technical requirements for perfor-
mance or quality of output under the conditions of operation [43]; thus, either directly or
indirectly affecting the economy and safety of the stakeholders. New products experience
frequent malfunctions that should have been resolved before they were released into global
markets [44]. As observed in the aerospace, automobile, electronics, and software industries,
this risk of “infant mortality” in new products has increased in the construction industry in
the sustainable product market. Sustainable products are more prone to risk in comparison
with conventional products, with respect to the newness of the product being available in
the market [12]. The criteria under consideration have certain interdependencies, such as
the obsolescence and risk of a product affecting the disposal/resale costs and maintenance
costs of the product, respectively, enabling them to be a balanced set of criteria on which to
base a decision.

3.2. Factors Addressing Decision Criteria
3.2.1. Lifecycle Cost (LCC)

LCC is used to address economic value, as it considers all the relevant economic
factors, both in terms of initial capital cost and future operation costs [45–48]. Lifecycle
Cost here considers all the costs involved from the decision maker’s perspective, which
includes the initial/capital cost of the product, through to the disposal/resale cost of the
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product. For example, selecting a highly energy-efficient HVAC system over a conventional
HVAC system incurs a high initial cost, but considering the lifecycle cost of the system
proves that the energy efficient alternative has a better economic value over the other.
So, having LCC as the factor for economic value provides better justification, in terms of
the expenses incurred over the entire lifetime of the products. The LCC of a product is
dependent on the local cost indices, as the calculation of future costs, including operation
and maintenance costs, is calculated based on local cost data. This helps to provide a more
accurate region-specific comparison of products.

The Lifecycle Cost of the product is estimated by using the following formula
(Equation (1)), which is adopted and simplified from Soni et al. [49]:

LCC = C0 + PV (C1 + C2 + C3 + C4 − C5), (1)

where

C0 is the Initial capital cost;
PV is the Present value;
C1 is the Lifetime operating cost;
C2 is the Lifetime maintenance cost;
C3 is the Capital rehabilitation cost;
C4 is the Disposal cost;
C5 is the residual value.

Considering the exclusive lifetime of the products [14] from the building itself, costs,
such as operation cost and maintenance cost, are calculated specific to the product lifecycle,
but are repeated to meet the period of the building lifecycle or minimum required lifespan.

While the LCC formula is constantly evolving to consider various criteria specific to
products and facilities, their impact among others is taken into consideration [48]; to provide
an LCC value based on data that are reliable, and with the least processing knowledge, the
fundamental version of LCC calculation was selected to be used in the framework.

3.2.2. Technology Growth Rate (TGR)

TGR is the factor that addresses obsolescence and risk. The growth rate of a product
technology affects the chances of the product being obsolete [50,51] and the uncertainty
that comes with the product because of its “newness” [44,52]. The technology growth rate
addressed here is the growth rate of the most advanced feature of the product specific to the
company, starting from the introduction of the product to the market. For example, consider
window panels incorporated with transparent solar cells, which are relatively new in the
market. Existing window panel features and the capacity of power generation in these
transparent solar cells are increasing exponentially with the rapid growth of technology
in the field. This leads to the product available in the market today becoming obsolete
within a short period. Similarly, because of the newness of such products, the risk of
performance failure is high. The TGR of a product is an independent company-specific
factor that provides a rational perspective of reputation specific to the product lineup, and
not to the brand as a whole.

The technology growth rate of the most significant feature of the product is calculated
by XY scattered plot of “feature vs. time”, inspired by the obsolescence risk assessment of
computer components provided by Josais et al. [53]. The TGR value is extracted using the
exponential trendline function equation in Excel (Equation (2)):

Y = c * e ˆ b * x, (2)

where

Y is the performance of the significant feature of the product considered;
c is the Initial performance value of the feature;
e is the Exponential coefficient;
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b is the Technology growth rate;
x is Time.

The technology growth rate (b) of the product is obtained from the equation in decimal
form and converted into a percentage. In the case of a newly released product in the market,
the TGR value will be assumed and computed in the model as 100%.

The exponential growth rate function in Microsoft Excel is used in finance to calculate
the alteration in currency value, stock value, and so on. Using it to calculate the growth
rate of a product’s performance over a period is a simple alternative to other methods of
growth rate calculations.

3.3. Framework Workflow

Figure 1 shows the framework workflow that was developed for this research, which
is based on the framework provided by Pearce et al. [54] for the selection of sustainable
materials. The process involved identifying the purpose of design elements, and then
preparing performance criteria to fulfill the design purpose. Then, a number of possible
alternatives that fulfill the criteria were selected. All the infeasible alternatives, due to
various reasons, such as design limitations, application limitations, and others, were pruned,
prior to the next set of evaluations. The few shortlisted alternates were then evaluated to
find their LCC and technology growth rate values.
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3.4. Decision-Making Model

A four-quadrant decision-making model was developed within the framework that
provided a visual comparison of all the alternatives based on LCC and TGR values that are
relative to one another. The description of the model and the significance of each quadrant
were established. The visual aid of the model was expected to play a major role when
comparing multiple products, and to reason out with owners and investors, especially
those who lack professional knowledge on product selection.

Description—The Four-quadrant model consists of LCC on the y-axis, and TGR on the
x-axis, as shown in Figure 2. The base value (point of intersection of axis) is the mean value
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of the LCC and TGR of all the alternatives. The values of LCC and TGR of each alternative
are substituted in the four-quadrant model, with reference to the base value. The values of
LCC are given in the range of high to low, and the values of the TGR—being rates—are
given in the range of incremental to rapid, for a better understanding of the model.
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Figure 2. Four Quadrant Decision Model.

Quadrant significance–The ‘R&D Quadrant’ has products with high LCC and rapid
technology growth rate similar to prototypes that require further research and testing
before implementation. The quadrant emphasizes that sustainability cannot be achieved by
compromising on the economic value and safety of the end-users. Moreover, product obso-
lescence generates more waste, and so the products in this quadrant are not recommended.
The ‘Risk Quadrant’ has products that provide LCC savings in the long run, using the
latest technology available. Since these are prone to more risk and obsolescence relative to
common practice, products in this quadrant are recommended in partial combination and
with a frequent inspection. The ‘Ideal Quadrant’ has products with cost-saving and mature
technology that are ideal to implement, and are highly recommended. The ‘Expensive
Quadrant’ has sustainable products that are expensive at times, even with a stable growth
rate, due to the expenses of the manufacturing process, and the expense of the materials
used in the products, among others. Products with mature technology with relatively
little or no economic value, are recommended only for the requirements of regulation
and certification.

4. Application

To examine the working of the model, and to understand its applicability in the
industry, two case studies were performed to identify issues and limitations of the model,
and to compare the methods currently used in the industry with the model.

4.1. Case Study 1

A simulated example of decision-making to choose roof tiles for a new single-family
house was tested. Table 2 below shows the details of the sample project.
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Table 2. Sample Project Characteristics.

Project Characteristics Description

Location San Diego, California, USA
Project Type Single-Family House
Area 245 square meters (US Average as of 2016) 1

Stakeholders Owner, Architect, LEED Professional and General Contractor
Product Roof Tiles/Shingles
2 Roof Area 319 square meter (average for 39.81◦ roof slope)
Available solar energy 1900 kW/kW-yr. (California-Average)
Climate Mild and sunny weather throughout the year

1 National Association of Home Builders Discusses Economics and Housing Policy; 2 http://www.calculator.net/
roofing-calculator, accessed on 1 September 2022.

To provide sustainable solutions, the project characteristics were given importance
to choose the most suitable option. In this case, the roof area exposed to sunlight and
the average solar energy availability were important characteristics to include products
that offered solar energy production features. Similarly, the product durability standards
needed to be based on the local climatic conditions, as expensive, high standard, and
multiple featured products are not always the best choices.

After the assessment of the project characteristics, the selection process was fol-
lowed according to the framework developed. The design element to install was the
roof tiles/shingles, and the purpose that was identified was to provide sustainable weather
protection. Based on this purpose, and with due consideration given to the project charac-
teristics, a set of performance criteria were set as the conditions to be met before further
review. Table 3 shows the products that were shortlisted through this pruning method.
Among twenty-one options considered initially, fourteen were pruned, based on the base
performance criteria, and then three more were pruned due to the lack of historical data.
This process brought the number of alternatives down to four. Then, the complete spec-
ifications of the shortlisted products were collected from the product sources without
prejudice. The technology growth rate of each product’s significant feature was calculated,
and the lifecycle cost of each product was calculated using the local cost data standards,
and computed in the model.

Table 3. Decision-making Workflow based on the Proposed Framework.

Purpose Sustainable Weather Protection (Particularly Heat Insulation)

Base Criteria

1. At least one sustainable feature
• Renewable energy generation, (LEED: 1–2, 1–3 Points) 1

• Made from recycled materials, (LEED: 2–4 Points) 1

• 100% recyclability, (LEED: 1 Points) 1

• Energy-saving by insulation (LEED: 1–2 Points) 1

2. 39.81◦ roof slope
3. Fire Resistant

• Best in Class Fire rating, equivalent to Class A UL 790 2

4. Warranty
• Functional warranty > 20 yrs.
• Product warranty > 30 yrs.

Total no. of products considered 21

Shortlisted based on Base criteria 7

Shortlisted due to historical information shortage 4
1 http://www.usgbc.org/, accessed on 1 September 2022; 2 http://library.ul.com/, accessed on 1 September 2022.

As shown in Tables 4 and 5, the LCC and the TGR values were calculated using the
formulae proposed for four alternatives, and then computed into the quadrant model
(Figure 3). The following were inferred from the framework application: Company 1 pro-

http://www.calculator.net/roofing-calculator
http://www.calculator.net/roofing-calculator
http://www.usgbc.org/
http://library.ul.com/
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vided the recommended roofing option, balancing cost-effectiveness, and stable technology
relative to the other three options. Company 3 provided the second-best option. Company
2 could have been an option when LEED certification was required, in the absence of
products from Company 1 or Company 3. Company 4 provided the most economical
option, but was recommended only to be partially implemented with high caution and
increased inspection frequency, as it was considered to have a higher risk, being a new
product on the market.

Table 4. LCC Calculation for Case Study 1.

Alternatives Company 1 Company 2 Company 3 Company 4

Product Name Slate Single width Slate Roof Slate Solar Roof
C0 USD 27,440 USD 30,870 USD 38,141.6 USD 69,594
C1 - - - −USD 98,900 *
C2 USD 16,464 USD 18,522 USD 22,884 USD 41,756.4
C3 - - - -
C4 USD 13,720 USD 13,720 USD 13,720 USD 13,720
C5 −USD 10,976 - USD 15,256 -

LCC USD 46,648 USD 63,112 USD 59,489.6 USD 26,170.4
* Information provided by the company

Table 5. TGR Calculation for Case Study 1.

Alternatives Company 1 Company 2 Company 3 Company 4

Product Name Slate Single width Slate Roof Slate Solar Roof
Product’s date of introduction 2013 1997 1988 2017

Criteria Recycled materials used Fire Rating Recycled materials used Recycled materials used
Current functionality value of criteria 25% Class A 100% Undisclosed

TGR 0% 0% 0% 100%
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4.2. Case Study 2

Another case study was performed to compare the framework with existing selection
processes in the industry. The case study involved the renovation of lighting fixtures for
the car-parking facility of a multistory building. The study is part of a major renovation
performed by a major facility management firm in South Korea. The purpose identified
was to provide sustainable lighting solutions to obtain green certification. The number
of alternatives was brought down to two options, ‘Alternative A’ and ‘Alternative B’.
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Alternative A was to continue with the existing lighting products (replacing with the same
new ones). Alternative B was to replace with highly energy-efficient LED lights. The choice
of the company providing the LED option was based on the reputation of the company
selling the product. The decision process included the calculation of two quantities, the
LCC and CO2 emission value (Table 6) of the products.

Table 6. Case Study 2-Existing Decision Criteria Calculations.

Characteristics of Alternative B over Alternative A Values

Annual power savings 475,698 kWh/year
Estimated amount of annual power savings 50,900 USD/year
Recovery period for return on investment 3.59 year
Reduction rate compared to power usage as of 2016 1.45%
Estimated annual reduction rate of greenhouse gas
emissions by power reduction 54.25%

The facility management chose ‘Alternative B’ based on the LCC cost advantage
over ‘Alternative A’. Even though the capital cost of the LED lighting option was over
177,000 USD, the application of the product accounted for over 45,000 USD in energy
savings per year, enabling the company to reach the break-even point of the investment
in 3.59 years. Although the carbon emission value was calculated, the decision was made
solely based on the lifecycle cost of the product. The carbon emission value calculated was
only used to acquire sustainable certification.

The LCC was calculated based on an assumed forecast of the product to be used
in the facility (Table 7). And the TGR was calculated based on the functionality value
of each alternative, light intensity and energy saving, respectively (Table 8). Figure 4
shows the result of the proposed method, and provides a visual comparison between
the two alternatives in terms of LCC and TGR. The relative gap between the LCC of
each alternative is significantly small in comparison with the gap between their TGR. The
model recommendations such as ‘Alternative B’ should be chosen with caution, in partial
combination and with increased inspection frequency. In comparison, ‘Alternative A’ is
relatively very stable, and close to the base LCC value, making it the recommended choice,
and green certification efforts can be directed to other parts of the renovation work.

Table 7. LCC Calculation for Case Study 2.

Specs\Alternatives Alternative A Alternative B

Product Name fluorescent lighting LED lighting
C0 38,615 USD 182,937 USD
C1 884,566 USD 629,860 USD
C2 - -
C3 115,844 USD 182,931 USD
C4 - -
C5 - -

LCC 1,039,025 USD 995,733 USD

Table 8. TGR Calculations for Case Study 2.

Specs\Alternatives Alternative A Alternative B

Product Name fluorescent lighting LED lighting
Product’s Date of introduction 2007 2017

Criteria Light intensity/unit power New smart dimming energy saving
Current functionality value of

Criteria 65.45 Lm/W -

TGR 0 100%
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5. Discussions

To enable sellers to place their products in the ideal quadrant relative to their com-
petitors, it is important to provide products that are mature and last for a long period
concerning their technology and product quality. Moreover, the sustainability factor of the
products must also reflect their economic value. For example, an environmentally friendly
product that compromises on cost efficiency over its competitors cannot be sustainable, as
the triple bottom line rule for sustainability is social, economic, and environmental value.
The comparison of the proposed framework with existing methods shows similarities, such
as LCC being used as a decision-making tool for product selection even in large-scale firms.
However, the LCC was only considered by the facility management until the return of
investment was achieved, which appeared to show that the LED lighting option had a
significant cost advantage, which, considering it as a long-term investment, was a small
difference in reality. The professionals consider the reputation of the brand, whereas the
current study considers the reputation of the product in terms of the performance criteria.
In this case, although the company providing the LED solution was reputable, the product
selected here had a relatively new feature from the company, making it more susceptible to
risk and obsolescence. It was also observed that significant advancement is more easily
visible with products that contribute to energy saving/energy generation. This is due to
rapid technological growth in electrical and electronic products and relatively gradual
growth with the performance of other products. Apart from the visual advantage over
the existing methods, the model developed provides important insights into the relations
between the alternatives, which are supportive to the decision-makers to make rational de-
cisions. Additionally, the visual comparison is expected to help with better communication
between owners and contractors to agree upon the right product.

The application result shows that the historical data of an individual company’s
construction products are progressively developing, but are not readily available. The lack
of linear data of products is also due to naming and introducing an advanced version of the
same product into an entirely new line of products. Additionally, LCC is calculated based
on rate assumptions, and on standard local construction cost index values for maintenance
costs, operation costs, and residual and disposal values, and not product-specific values.
These limitations to the framework can be resolved by better profiling the product lineup
and providing public records of all the versions of the same product released since entering
the market.
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Even though most modern methods of decision-making are dependent on extensive
data, they also require additional knowledge about various sustainable products, software,
and product evaluation methods, ideally increasing the complexity to make decisions
from numerous new decision criteria [14]. This prevents the construction industry from
adopting green practices, especially in developing nations such as India [55]. A major
threat causing this is that small and medium contractors do not have the wherewithal to
upgrade their capability [17], which leads to a condition called knowledge gap between
the large, medium, and small-scale firms. The knowledge gap hypothesis explains that
knowledge, in the same way as other forms of wealth, is often differentially distributed
throughout a social system [56]. The knowledge gap in this context refers to the difference
in knowledge regarding various sustainable products, software, and product evaluation
methods between different scales of the industry. It is important to consider this knowl-
edge gap to provide solutions to make decisions. This increased complexity thus prevents
the spread of sustainable products, especially in SMEs, due to the growing knowledge
gap. Therefore, to enable the spread of sustainable products, especially in SMEs, it is
important to provide a decision-making framework that demands little knowledge of the
products and processes, while using reliable factors. Unlike existing methods that depend
on the liability of the specifications for decision making, this method considers the growth
of performance of a significant feature of the product. This also limits the scope of the
framework to nonstructural sustainable products. Structural and nonstructural sustainable
products face similar challenges for decision-making from comparing their barriers to
implementation from Griffen et al. [57] and Akadiri [7]; however, the failure of structural
sustainable products to perform their intended function directly affects the integrity of the
structure, whereas that of nonstructural products is more indirect, and can be mitigated
by repair or replacement of the product. Considering the intensity of the risk involved,
structural sustainable products are recommended to be chosen upon detailed evaluation
using methods such as Risk-Informed Decision Making provided by Lounis et al. [25].
Structural sustainable products are products that become or are part of the structural
system [57]. Meanwhile, Singh et al. [52] explained that nonstructural products are the
fixtures, attachments, and items in buildings and structures that are not designed as load-
bearing elements. By combining the earlier definitions of the sustainable product by
Borregaard [4] and the definition of nonstructural products, nonstructural sustainable
products can be defined as sustainable products that become, or are, part of a nonstructural
component in buildings and structures. Nonstructural sustainable products include archi-
tectural features, such as exterior cladding and glazing, ornamentation, ceilings, interior
partitions, and stairs; mechanical components and systems, including air-conditioning
equipment, ducts, elevators, escalators, pumps, and emergency generators; electrical com-
ponents, including transformers, switchgear, motor control centers, lighting, and raceways;
fire protection systems, including piping and tanks; and plumbing systems and compo-
nents, including piping, fixtures, and equipment [58].

6. Conclusions

Reliability of data and lack of knowledge are two of the most important barriers pre-
venting the spread of sustainable products in the construction industry. Existing decision
methods depend on these data, and demand knowledge of the products and the decision
methods to make decisions. A simple decision-making framework considering transparent
factors is developed addressing the criteria of economic value, risks, and obsolescence.
The developed framework’s application is examined through an application study, and its
issues and limitations were identified. Further, a case study on the framework’s application
was performed and compared with the existing method used in the industry, for a better
understanding of the application potential of the framework. Considering that the possible
end-users of the proposed framework are professionals and decision-makers, specifically in
SMEs, the simple decision-making framework can support selection of sustainable products
by reducing the efforts of collecting information with low reliability. Using only two factors
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can be seen as an advantage of the results of this study as well as a limitation of this study;
thus, in addition to LCC and TGR, the sustainable product selection decision can affect vari-
ous management areas including design complexity, construction on site, and maintenance
strategy. In this aspect, the scope of this research is specific to non-structural sustainable
products rather than structural sustainable products or materials, which can have more
correlation with design and construction of the facility. If these issues are addressed, the
applicability of the framework is expected to influence the global spread of sustainable
products in all scales of construction projects, which is otherwise prevented by the negative
perceptions and difficulties in decision making. The beneficiaries of the framework are
the owners, construction professionals, and the public, as the framework is anticipated
to decrease the purchase of premature products released in the market, by enabling the
decision-makers to foresee the necessary avoidance of purchasing such products.
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