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Abstract. One of the design team’s tasks is assuring that their project has a low negative impact on the
environment. This comes from regulations as well as expectations of direct benefits (reduction of
operating cost, the project’s improved image in the eyes of the public, etc.). To fulfill this task, one needs
to define criteria for assessing the design options. These are to correspond to the individual qualities of
the project, and they should be significant and possible to assess. The paper, divided into two parts,
presents a review of the literature concerning the criteria for the assessment of design solutions defined
as "green" or “environmentally friendly”. Part I presents the method of the analysis and investigates
into the number and type of criteria adopted in the sample of papers being the object of analysis. Part
11 focuses on the ways of defining criteria values, weights, and methods of multicriteria assessment.
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1 Introduction

It becomes apparent that humanity’s appetite for resources became too much for the planet
Earth to bear (Meadows et al., 1972; Turner, 2008). Exponential population build-up combined
with the global pursuit of economic growth results in the exponential growth of the demand for
housing and infrastructure as well as production facilities. Construction means consuming a lot
of energy, water, land, and minerals for creating millions of tons of materials, moving them to
the destination and installing, followed by dismantling and relocating with the amount of effort
comparable with that during erection. Technological progress makes construction components
increasingly complex and sophisticated, which adds to the problem: highly processed products
consume even more resources and are difficult to recycle. In the face of resource depletion and
the likely suffocation with its own refuse within decades, humanity is dragged (Komatsu et al.,
2019) towards the sustainable economy (D’ Amato et al., 2019) and, in particular, sustainable
construction (Goh et al., 2020).

One of the aspects of construction sustainability is reducing the project’s and the resulting
built facility’s negative impact on the environment. This impact is typically assessed in the
course of some form of Life Cycle Analysis (LCA) (Ortiz et al., 2009). The LCA has become
an established practice in optimizing designs and assessing the quality of the built environment.
The idea, described among others by ISO 14040 standard, evolved into a plethora of
methodologies, tools and individual reports on analyses for estimating the impact of built assets
on the environment from the perspective of:

- particular construction materials/products (e.g. Héfliger et al., 2017),
- functional components of particular buildings (e.g. Kellenberger and Althaus, 2009),
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- whole buildings in the context of the way of use and building maintenance scenarios
(Bucon, 2019; Héfliger et al., 2017; Hasik et al., 2019),

- neighborhoods/cities (Bak et al., 2019; Goldstein et al., 2013; Jeong and Ramirez-
Gomez, 2018; Nematchoua et al., 2020).

They typically share the element of assessing the environmental consequences of using
particular construction materials in the building’s fabric, so the materials’ contribution to the
overall environmental impact. However, even in this narrow aspect, the scope, criteria, and
measures used in the analyses are not identical (Doan et al., 2017; Park et al., 2017).

On the one hand, there exist standards on reporting the environmental impact of products,
(ecolabelling). As for the construction products, the European EN 15804 standard that sets
requirements for voluntary Environmental Product Declarations (EPDs) (Kuittinen and
Linkosalmi, 2015; Piasecki, 2014). On the other hand, the standards and methodologies evolve
(Allacker et al., 2017). Due to the proliferation of LCA methodologies, the comparability of
information on a product’s environmental qualities becomes an issue (European Commission,
2013; Galatola and Pant, 2014; Passer et al., 2015). Many researchers and practitioners compare
the environmental qualities of construction products using their own criteria and measures.

The paper is the first part of a review of the most recent literature on the comparison or
assessment of construction products and components to select the “environmentally friendly”
ones. The authors provide a classification of research problems covered by the sample, discuss
papers devoted to designing “green” materials and selecting sustainability criteria for
construction materials, products, or components. Finally, they investigate into the number and
type of criteria in use, thus into how the authors understand the environmental impact of
construction products or built facilities.

2 Materials and Methods

2.1 Benchmark Set of Criteria and the Scope of Analysis

The standards on EPDs are in use for some time, and the number of declarations in the databases
is growing: this idea of standardized communication of environmental product properties seems
to establish itself in practice. For this reason, the authors expect that the presentation of
solutions to problems directly or indirectly related to construction material, component, or
construction method selection in the field of architecture, building, and civil engineering are
likely to draw from the methods elaborated by the environmental scientists.

Table 1. Classification of life cycle stages for assessing environmental impact of construction products,
based on EPD (ITB, 2013).

. Benefits and loads
Construction

Product stage Use stage End of life beyond the system
process boundary
A1l. Raw material A4. Trans- B1. Use C1. Decon- D. Reuse-
supply port to site B2. Maintenance struction recovery-
A2. Transport AS. Instal- B3. Repair C2. Transport  recycling
A3. lation B4. Replacement C3. Waste potential
Manufacturing BS5. Refurbishment processing

B6. Operational energy use C4. Disposal
B7. Operational water use
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Table 2. Indicators of environmental impacts, aspects of resource use and waste, based on EPD (ITB, 2013).

Environmental impacts Environmental aspects of Environmental information of
resource use (modified) waste categories
Global warming potential Total use of renewable primary Hazardous waste disposed
energy (as raw mat. or energy)
Depletion potential of the Total use of non-renewable Non-hazardous waste disposed
stratospheric ozone layer primary energy (as raw mat. or
energy)
Acidification potential of soil and  Use of secondary material Radioactive waste disposed
water)
Eutrophication potential Use of renewable second. fuels Components for re-use
Formation potential of Use of non-renewable second. Materials for recycling
tropospheric ozone fuels
Abiotic depletion potential (ADP-  Net use of fresh water Materials for energy recovery
elements) for non-fossil resources
Abiotic depletion potential (ADP- - Exported energy

fossil fuels) for fossil resources

Therefore, in the literature review process, the sources’ approach to the life cycle phases was
juxtaposed to life cycle phases used in LCA and adopted for EPDs (Table 1). In this paper, the
“environmentally friendly” aspects were considered only those covered by the scope of the
environmental impacts, aspects of resource use, and generation of waste as defined in EPDs
(Table 2) prepared according to EN 15804:2012 before its amendment in 2019 (ITB, 2013).

2.2 The Sample

The query was arbitrarily limited to one database (Web of Science), publications from the years
2016-2020, and the following structure of search terms to identify within the title, abstract and
author-specified keywords:

criteria AND construction AND (material OR product) AND (select* OR choice OR choose)

AND (“environmentally friendly”” OR green OR sustainable) M

The query produced a reasonable number of 110 publications. The selection was manually
refined, on the basis of content analysis, to find papers that focused explicitly on:

- analyzing criteria for selecting materials or component options or options of

construction methods based on their environmental impact,

- presenting methods or tools for assessing the environmental impact of materials or

components or construction methods to justify their selection or ranking,

- individual presentations of selection/ranking problems as above (case studies),

- arguments for “green” properties” of new materials if juxtaposed with “traditional”

materials.

For this reason, a considerable number of papers were excluded as proposals of new
certification systems for whole buildings, general-purpose multicriteria methods where “green”
features served only as examples of possible criteria, and papers focused on ecology (impact of
built structures on particular species). One paper was excluded for not being available in
English, and four proved unreachable (no access to full text). Therefore, the final sample
comprised only 43 publications.
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2.3 The Method

The sample of papers was analyzed in terms of aspects of sustainability covered by the analysis,
scope of life cycle stages, sources of input, and mathematical methods used for selecting the
best option (if applicable).

3 Results and Discussion

3.1 Topics of the Sample

The papers of the sample were classified into four groups according to their research problem
(some paper dealt with more than one):
- designing environmentally-friendly materials (9 papers),
- selecting a set of sustainability criteria for comparing construction products or
components of built structures (7 papers),
- assessing the sustainability of alternative solutions (materials, material supply chains,
component design) (33 papers),
- optimizing construction components (2 papers).

3.2 Type and Number of Environmental Criteria

Nine papers from the sample focused on introducing environmental criteria into the design of
materials themselves (Table 3). One of them (Imron et al., 2017a) argued for eco-friendly
properties of a new drywall material containing waste from food production, though, at the
early stage of research, the argument was based only on intuitive SWOT analysis with two
arbitrarily selected environmental criteria. Nevertheless, the advantages were utilizing waste
and thus reducing the consumption of non-renewable resources.

Table 3. Papers devoted to material design (selecting components for a mix).

Paper Aspects Life Criteria list Weights, method Env. Criteria values: Method
cycle of calculation criteria
(Imron et al., 2017b) En A Arbitrary - 2 - SWOT
(Ahmed et al., 2019) T,Ec, not Team of Team of experts, 6 T. of experts AHP,
En, S explicit experts AHP; sensitivity (pairwise comp.) TOPSIS
analysis
(Falqi et al., 2019) T.Ec, not Arbitrary M. experts, 5 M. experts, fuzzy
En, S explicit arithmetic mean of arithmetic mean ~ TOPSIS
fuzzy ratings of fuzzy ratings
(Kurda et al., 2019) T, Ec, A1-A3  Arbitrary Arbitrary (no. of 2 Databases & SAW
En (LCA) scenarios) calculations
(Rashid et al., 2018) T, En Al1-A3  Arbitrary Arbitrary 2 Databases & AHP,
calculations TOPSIS
(Reddy et al., 2020) T, Ec, not Arbitrary Not applicable 1 Databases & PSI
En, S explicit calculations
(Reddy et al., 2019b) Ec,En, A-D Arbitrary M. experts, 5 M. experts AHP
S relative
importance index
(Reddy et al., 2019a) Ec,En, A-D Arbitrary M. experts, AHP 5 M. experts AHP
S
(Suarez Silgado et al., Ec,En Al-A3 LCA Arbitrary; 11 Databases & VIKOR
2018) sensitivity analysis calculations
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The remaining papers from this group presented a multicriteria selection of components
(such as recycled aggregates or supplementary cementing materials made of waste) for concrete
or asphalt mixes. All authors proposed a combined index to select the best mix out of the set of
samples. However, the types of criteria incorporated in the indices were an individual selection
of environmental (En), economic (Ec), social (S), and, in some cases, technological (T)
properties of the mix and the hardened material. The number of environmental sub-criteria
varied from one to eleven; the most common among them were: energy use and global warming
potential. The authors did not agree on the life cycle stages included in the assessment.

In four papers out of seven, the authors decided to use criteria originating from some
established LCA methodologies and calculate their values according to relevant life cycle
inventory databases. Two papers (Kurda et al., 2019; Suarez Silgado et al., 2018) came from
Europe, where such databases are available. One paper originated from Pakistan (Rashid ez al.,
2018) and based on data found in the literature. The last one was from India (Reddy et al.,
2020); its only environmental criterion was service life estimate. Other authors resorted to
expert ratings of criteria values expressed in some form of Likert scales or as pairwise
comparisons.

Seven papers from the sample focused primarily on selecting sustainability criteria for
comparing construction products or components of built structures. Khoshnava et al. (2018)
observed that, in practice, the choice of “green” criteria was done arbitrarily by the decision-
makers. Therefore, the authors undertook a literature review and a broad survey among
construction professionals to decide on a general-purpose set of criteria and their relative
importance, as perceived by the experts from Malaysia. The product of their research was a list
of 23 criteria (out of them, 14 related with environmental impact) and their ranking. Amer and
Attia (2019) conducted a broad survey among European architects to define the set of criteria
and their relative importance specifically for the sustainable design of vertical extensions of
buildings. (Herda et al., 2017), considering the problem of comparing construction products
and switching to sustainable construction in Kenya, pointed to the lack of reliable databases of
product properties that correspond to local conditions. Hoxha, Haugen and Bjorberg (2017), to
propose a list of “green” criteria of material selection to appeal to the wider public, decided to
investigate into the understanding of sustainability in Kosovo by means of a survey among non-
professionals. Rashdan and Ashour (2018) reviewed the literature to define a list of aspects
worth consideration in sustainability assessment of interior design products. Li et al. (2019)
reviewed literature on factors incorporated into LCA and life cycle costing (LCC) related with
assessing benefits of using solid waste for road pavement, finding that there is still no agreement
on what properties and impacts should be included in such analyses. (Ishak et al., 2017), to
measure the self-assessed level of compliance of Malaysian construction products
manufacturers with the rules of “green” production, compiled a list of as many as 33
environmental criteria based on the literature.

4 Summary and Conclusions

Judging by the analyzed sample of papers, there exists no agreed set of environmental criteria
for comparing sustainability of alternative construction products, components and construction
methods (Figure 1).
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Number of papers

12 3 4567 8 91011121314 ... 33
Number of environmental criteria

Figure 1. Frequency of selecting a particular number of criteria in the sample of papers.

Interestingly, even in the case of similar problems, the numbers and the type of criteria
differed significantly. For instance, Potkany, Gejdos and Debnar (2018), Svajlenka and
Kozlovska (2018), and Hassan and Johansson (2018) compared options of building frames
basing on a set of sustainability measures without combining them into one index. They all did
it within “cradle to gate” boundaries. Respectively, they used: six criteria known from EPD’s
(Table 1): primary energy input for production (PEI), global warming potential (GWP),
acidification potential (AP), eutrophication potential (EP), ozone depletion potential (ODP),
and photochemical ozone creation potential (POCP), three criteria (PEI, GWP, AP), and a
single criterion (GWP).

Even the authors who decided on a single factor related to the environmental impact chose
different criteria: energy embodied in the material used for a component, energy embodied up
to the construction phase, potential for recycling, quantity of waste, GWP, or other. Moreover,
most authors identified the criteria in the course of a literature review and interviews with
experts to refine the list to suit a particular decision problem. Only 14 admitted drawing directly
from particular LCA methodologies.

It is likely that the sample of papers analyzed above is not representative of the state-of-the-
art in research on sustainability in construction. However, it indicates that this field is still in
the stage of development.
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