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Assessment methods for evaluating circular economy projects in construction: a
review of available tools

Lana Lovren�ci�c Butkovi�c, Matej Mihi�c and Zvonko Sigmund

Faculty of Civil Engineering, Department for Construction Management and Economics, University of Zagreb, Zagreb, Croatia

ABSTRACT
Increasing interests of circular economy (CE) principles applied into construction projects has led to the
development of assessment methods for their justification. The use of smaller quantities of construction
materials, materials of higher quality and durability, and recycling of construction waste are all require-
ments of today’s aspiration for a circular economy, but it is necessary to assess their environmental and
economic sustainability. This paper presents a review of the current assessment tools of circular economy
projects applied to the construction industry, such as LCA, LCC and CBA. The main objectives of this
study were to provide a categorization of CE concepts applied in the construction industry (CI) and to
review assessment methods used for evaluating CE projects in CI. This paper selected and reviewed 96
published papers and classified them into one of five aspects of CE highlighted in this study: waste man-
agement, reducing the impact on the environment, material & product design, building design, and
other. The results showed that the use of assessment methods in CE projects has increased in the recent
years as well that an LCA was by far the most used assessment method and waste management the
most common aspect of CE in CI.

KEYWORDS
Circular economy;
construction projects;
assessment tools; cost-
benefit analysis; life cycle
costing; life cycle analysis;
literature review

Introduction

Over the last decade, a concept of circular economy (CE) has
gained a big interest in commercial and in the academic commu-
nity. The main goal of this concept is the transition from an
existing linear economy to a circular economy, to achieve mini-
mization of the negative impact on the environment, society and
economy, in every industry. There is growing expectation from
all sectors of society for a more sustainable model, in which
resources are recovered at their highest quality, reused and kept
in circulation for as long as possible, which has become known
as the circular economy (British Standards Institution 2014).
According to Palafox-Alcantar et al. (2020), CE is a set of princi-
ples and tools which aim to contribute to the planet’s sustain-
ability by minimising the extraction and degradation of
materials, promoting resource and energy conservation (reduce,
reuse, recover and recycle) and driving the regeneration of its
input sources. CE can be also considered at various levels both
in the objective (in relation to buildings, structure and their
parts) and in the subjective perspective (in relation to construc-
tion companies, workers, etc.) (Gorecki 2019). As an innovative
economic and production model, CE primarily implies a mindset
change that considers waste as potentially useful resources and
not as a problem to manage and dispose of in landfills, as in the
linear economy (Andrews 2015).

Since the construction industry (CI) has a significant impact
on every national economy, the European Commission has put
various policy initiatives in place to stir the construction industry
towards circular economy principles (European Commission
2019). The CI is one of the most intensive industries in terms of
the use of materials and natural resources necessary for their
production. According to Benachio et al. (2020), the CI is

responsible for over 30% of the extraction of natural resources,
as well as 25% of solid waste, mostly because the construction
sector adopts a linear economic model of “take, make, dispose”,
using materials for the construction of buildings and disposing
them at the end of life. Buildings are currently responsible for
39% of global energy-related carbon emissions: 28% from oper-
ational emissions, from the energy needed to heat, cool and
power them, and the remaining 11% from materials and con-
struction (World Green Building Council 2019).

Therefore, the building and construction industry has a high
environmental impact and a crucial role in human wellbeing in
the future. Also, the role of the construction industry is
extremely important for its significant share in energy consump-
tion and carbon emissions (Akhanova et al. 2020). CI also uses a
number of different materials and can cause serious damage to
the environment and population, especially to water supply (Arı
kan et al. 2017). The Ellen MacArthur Foundation (2015) has
estimated that by applying circular economy to European built
environment by 2030, £300 billion from primary resource bene-
fits, including energy, could be saved. Because of all that, the
building and construction industry has a high environmental
impact and a crucial role in human wellbeing in the future. The
principles of a CE offer a step towards a sustainable built envir-
onment, by contributing to resource efficiency and effectiveness,
reducing resource use and waste and therefore lowering environ-
mental impact (Wouterszoon Jansen et al. 2020).

The aim of this paper is to review and discover which of the
CE elements are characteristic in efforts to make CI more ori-
ented towards the CE concept and what assessments method
were being used.
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Theoretical background of assessment methods

Undeniably today’s construction is increasingly trying to use
principles of the CE, but there is still no universally defined
framework for applying CE in CI. Some researchers tried to
identify the implications, challenges and trends of CE in the CI
(Hossain et al. 2020) or how CE can be used inside the CI
(Benachio et al. 2020). There is still however a question, which
of the existing assessment methods is the most suitable for the
evaluation of different options of CE in construction projects
(Hoogmartens et al. 2014; Buyle et al. 2019; Giorgi et al. 2019;
Wouterszoon Jansen et al. 2020).

Increasing demands for sustainability in policy, business mod-
els and decisions have led to the development and improvement
of different sustainable assessment methods. A generally accepted
approach to present the environmental, social and economic
impacts of CE is to combine several methods (Motuzien_e et al.
2016; Di Maria et al. 2018; Ernst 2019; Gigli et al. 2019; Liu
et al. 2020), nevertheless a brief review of the main assessment
methods in CE approach (definitions and specifics of the meth-
ods) is provided below.

Life cycle assessment

Life cycle assessment (LCA) is a method used to assess the
effectiveness of different design strategies at improving wider
environmental (or cost) performance, which can be used to pri-
oritize strategies that will provide the best value (UK Green
Building Council 2019). The main goal of LCA is to evaluate
and quantify the environmental impact of a product through its
lifetime. Although there is no one way of conducting an LCA, a
general framework exists (International Organization for
Standardization 2006a, 2006b). The Life Cycle Thinking concept,
which considers systems like a product, a service or a process
from cradle to grave, is broadly accepted among the construc-
tion industry.

Construction and demolition waste (CD&W) is getting a lot
of attention as a significant component of CE in CI (Jaskowska-
Lema�nska and Sagan 2019; Hahladakis et al. 2020; Kabirifar et al.
2020; Minunno et al. 2020; Palafox-Alcantar et al. 2020). C&DW
is the heaviest and most voluminous waste stream generated in
the EU and all over the world (Colangelo et al. 2020). Here LCA
is the most common method to develop and demonstrate effect-
ive waste management options and strategies (Simion et al. 2013;
To�si�c et al. 2015; Deschamps et al. 2018; Ali et al. 2020;
Colangelo et al. 2020; de Bortoli et al. 2020; Kakkos et al. 2020;
Nußholz et al. 2020).

Another very important aspect of CE in CI is building design
and manufacturing and LCA is also commonly used method in
evaluating such projects (Sanchez and Haas 2018b; Eberhardt
et al. 2019; Ueda et al. 2019; Minunno et al. 2020; Mirzaie et al.
2020). LCA could also be used for evaluating the environmental
impact of infrastructure projects (de Bortoli et al. 2020).

Even though LCA is a method that models the environmental
impact of a product, process, or service from its creation to end
of use, this method combined with the usual cost analysis
method can contribute valuable information relevant to the deci-
sion-making process (Ferreiro-Cabello et al. 2016). For example,
LCA is most commonly used in combination with LCC
(Motuzien_e et al. 2016; Fregonara et al. 2017; Buyle et al. 2019),
CBA (Ernst 2019) or material flow analysis (MFA) (Hu et al.
2010; Jim�enez Rivero et al. 2016; Lederer et al. 2020; Lausselet
et al. 2021).

Life cycle costing

To quantify environmental indicators related to Life Cycle
Assessment (Standard ISO 14040:2006) and economic indicators
(Standard ISO 15686:2008) (Fregonara et al. 2017; International
Organization for Standardization 2017) life cycle costing (LCC)
is used. For example, in building sector LCC is used to assess all
costs that occur over the building’s lifetime including construc-
tion costs, operating, maintaining, and end-of-life related costs
(Hoogmartens et al. 2014).

At the building component level, the LCC approach was
applied to enable a whole-life cost analysis of selected carbon
and energy-saving technologies for reducing CO2 emissions
within the UK domestic housing sector (Goh and Sun 2016).
LCC assesses all costs that occur over the building’s lifetime
including construction costs, maintaining, operating, and end-of-
life related costs. Widely used approach combines LCC with
LCA to evaluate CE projects in waste management (Di Maria
et al. 2018; Buyle et al. 2019; Di Maria et al. 2020; Liu et al.
2020), or in building or material design in CI (Motuzien_e et al.
2016; Fregonara et al. 2017; Garc�ıa-Mui~na et al. 2018).

Cost-Benefit analysis

Cost-Benefit Analysis (CBA) is an analytical method for judging
the economic advantages or disadvantages of an investment deci-
sion by assessing its costs and benefits to assess the welfare
change attributable to it (European Commission 2014). The CBA
aims at identify and value the impacts of a project in terms of
their effects on social well-being, comparing the positive effects
(benefit) with the negative effects (costs) (Gigli et al. 2019). CBA
consists of two main parts: financial and economic analysis.
Financial analysis takes expenditures and revenues into account,
while economic analysis deals with socio-economic benefits that
financial analysis cannot capture. Some of those benefits are time
savings, safety improvements, reduced GHG emissions, recovery
of recyclable materials etc.

Although the CBA was initially used for evaluating public
infrastructure projects, its use is now increasingly being used in
the evaluation of alternative materials in construction projects
(Wijayasundara et al. 2017, 2018; Gigli et al. 2019; You et al.
2019), waste management (Doan and Chinda 2016; Guerin
2020b, 2020a), sustainable building design (Abu-Ghunmi et al.
2016; Duu-Hwa et al. 2018; Pecorino et al. 2018; Xiao et al.
2018; Andrade et al. 2019), and other similar CE projects. In
some researches, CBA as an assessment method was also used in
combination with other methods, for example in Doan and
Chinda (2016) research or in Yuan et al. (2011) work.

Methodology

To conduct the literature review, the steps shown in Figure 1
were taken. First, a general query was placed on Google Scholar,
in November 2020, to get the widest possible results. The key-
words used for the search were ,,Circular Economy “þ
,,Construction industry “þ “LCA”/”LCC”/”CBA”. These key-
words were chosen because they most succinctly represented the
topic of the research, the application of various assessment tools
for circular economy in the construction industry.

The searches yielded a very high number of results (17400,
23500 and 4770) as was expected from such a wide search (Step
1. in Figure 1). The titles and short excerpts in the results were
read, and those which seemed to have even a remote similarity
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Figure 1. Research methodology.
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with the topic were considered for further evaluation. In Step 3.
after reading abstracts of the papers, 87 out of 120 were found
relevant to the topic. Step 4. involved increasing the number of
potentially relevant papers by including papers found as citations
and by conducting additional searches in Scopus and
WoS databases.

As the result, there were in total 214 papers which were
found as relevant to the research topic. These 214 papers were
read in detail (presented in Step 5.) to determine whether some
of them have less relevance to the topic, for example, if they are
not as related to Circular Economy, are not focussed on the con-
struction industry or do not specifically apply the assessment
tools. The number of papers not related to CE was 15, not
focussed on the construction industry was 60 and those which
do not apply the assessment tools is 39. Finally, the number of
papers to be discussed in this paper is 96.

Results and discussion

The primary aim of this research was to identify which, if any,
assessment methods are used in circular economy projects in
construction industry. The results will be provided in two parts.
First, a descriptive analysis of the results obtained from selected
papers will be presented, followed by the classification of the
selected articles according to: (i) five criteria highlighted in this
study, and (ii) assessment methods which were used in
selected papers.

The number of relevant publications for CE projects in CI
which used one of the analysed assessment methods described in
Section theoretical background of assessment methods are pre-
sented in Figure 2, based on the year of publishing. It could be
seen that the combination of CE and CI and appropriate meth-
odologies for their evaluation appeared only a few years ago and
has grown significantly since then. In 2018 there were only 13
publications related to the topic of this review, unlike 2019 or
2020 when this number increased to 29 and 30 publications per
year. This is significant evidence of the growing interest in this
field but could also be an indicator of the need for further
research and development of suitable environmental and eco-
nomic assessment methodologies.

Out of 96 identified and analysed publications, the largest
number was published in scientific journals, specifically, 74 of
them. 17 papers were published as conference articles, 2 as a
book section and 3 were doctoral or master theses (Figure 3). In
those 74 journal articles, the most used assessment method for
CE construction projects was LCA (55.4%), followed by com-
bined methods (20.3%) and the use of the CBA is in the 3rd

place (16.2%). In six of the journal articles, new assessment
methodologies were developed.

As far as the term construction industry is concerned, this
research takes all phases of the construction process in the scope:
design, construction, use and deconstruction. Additionally, con-
struction material production was also considered as well as the
production of building elements and buildings themselves. The
scope of the circular economy includes all aspects applicable to
the construction industry.

Through the process of reading the papers, there were numer-
ous topics which were the focus of the research. Their number
was too large to form a meaningful cross-comparison with the
assessment methods. Therefore, the individual topics were col-
lected, and five categories of circular economy became evident.
The topics of those categories are:
� Waste management: Reuse (of construction waste/materials),

Reuse of building components, Recycling, Waste reduction,
Urban mining, Reclaiming waste, Construction waste man-
agement, Waste to energy, Cradle to cradle, End of life.

� Reducing the impact on the environment: Greenhouse gas
emissions, CO2 emissions, Greywater reuse, Reducing envir-
onmental impact, Reducing raw material extraction,
Environmental impact, Wastewater reuse, Emission reduc-
tion, Using renewable materials.

� Material & Product design: Product redesign,
Remanufacturing, Material loops, Recyclable design,
Sustainable products, Sustainable materials, Eco-friendly
production models, Upcycling, Green supply chain.

� Building design: Design for disassembly, Circular design of
building elements, Improving efficiency, Sustainable design.

� Other: General reviews, Governance, CE policies.
The number of papers categorized in those five CE aspects in

CI is presented in Figure 4. Most publications were dealing with
the waste management issues, precisely with the C&DW.

Figure 2. Yearly distribution of the resources reviewed.
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After the definition of categories, individual research could be
attributed to one of the categories, along with the assessment
method used. Additionally, since the primary focus of this
research is in identifying previous applications of assessment
methods, one further division was carried out, based on whether
the research is applied to a case study or not. Table 1 contains
all 96 papers identified to be of relevance to the research topic.
Publications are divided based on one of the identified categories
of CE in CI, followed by whether they are applied on a case
study and finally by which assessment method (or a combination
of methods) is used in the research. The final column contains
the reference of each of the research items.

The distribution of published research based on those catego-
ries is presented in Table 2. The numbers in the table are num-
bers of publications which contain an application on a case
study, while the numbers in brackets are either a review or
strictly an original research paper. Figure 5. graphically presents
the distributions in the form of a bar chart.

Table 2 and Figure 5 show that the most common CE cat-
egory is waste management, with 43 research items out of 96 in
total (around 45%). The construction industry consists of various
activities during the building process and use lots of heteroge-
neous building materials, the quantity of construction waste is

significant. In 2018, the construction industry contributed 36.0%
of the total in total waste generation in the European Union
(Eurostat 2020). This could be the reason why the majority of
the research in the field of circular economy focuses on the
C&D waste management and why the lots of efforts are focussed
on the possibilities of reducing the negative impact of the C&D
waste and also on the reusing those waste. Material & product
design is the second most common, with building design follow-
ing closely. Reducing impact on the environment is rather sel-
dom the topic of research and there were also four topics which
could not be fitted to either of the four existing categories. This
distribution is not surprising since the reduction of waste and
reuse is one of the largest issues in the sustainability of the con-
struction industry, which is naturally followed by designing
materials, products, and buildings in a way for them to be as
long lasting as possible as well as replaceable and reusable.

With regards to the assessment methods, LCA is predomin-
antly used as an assessment method, either alone or in combin-
ation with another method, such as with MFA, LCC and CBA.
The reason for the overwhelming majority of papers using LCA
could be found in the fact that most researchers focussed on the
environmental impact, with just few of researches including LCC
in addition to LCA. LCA is also the only assessment method so

Figure 4. Different types of CE categories in CI.

Figure 3. Distribution of the articles by source type.
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far which evaluates the impact of Building information modelling
(BIM) on the CE aspect of CI (Di Biccari et al. 2019; Hao et al.
2020). The results of this research (especially the one from case-
studies) also showed that the use of the LCA as an assessment
method in evaluation CE projects leads to innovations in this
field and development of each CE segments in CI, which further
leads to economic and sustainable development. But, a few

limitations of an LCA should be mentioned here, such as the
lack of temporal information (Levasseur et al. 2010), not enough
time to capture all relevant data, not enough harmonisation to
compare results even for the same material across studies
(Rønning et al. 2014) or how to translate results at a product or
service level (e.g., LCA indicators on different product catego-
ries), to a regional or global level (Corona et al. 2019).

Table 1. Review of papers organized according to their use of assessment methods for the evaluation of CE projects in CI.

Category of CE in CI Type of work Method Research item

Waste management case study LCA (Ulukan and Kop 2009; Simion et al. 2013; To�si�c et al. 2015; Deschamps et al.
2018; Hafner and Krause 2018; Zanni et al. 2018; Hossain and Thomas Ng
2019; Kakkos et al. 2019; Nußholz et al. 2019; Pires et al. 2019; Simon et al.
2019; Vladimirov and Bica 2019; Eberhardt et al. 2019a; Ajayebi et al. 2020;
Bertin et al. 2020; Colangelo et al. 2020; de Bortoli et al. 2020; Kakkos et al.
2020; Zhao et al. 2020)

LCA & CBA (Ernst 2019)
LCA & LCC (Di Maria et al. 2018; Buyle et al. 2019; Di Maria et al. 2020; Liu et al. 2020)
LCA & MFA (Hu et al. 2010; Jim�enez Rivero et al. 2016; Lederer et al. 2020)
CBA (Yuan et al. 2011; Doan and Chinda 2016; Guerin 2020a, 2020b)
other (Deetman et al. 2020)

theory / review LCA (Yeheyis et al. 2013; Lowres and Hobbs 2017; Ghisellini et al. 2018; Jalaei
et al. 2019)

LCA & CBA –
LCA & LCC (Giorgi et al. 2019)
LCA & MFA (Hsiao et al. 2002; Huang et al. 2013; Zhang et al. 2020)
CBA (Ghisellini et al. 2020)
other (Luciano et al. 2021)

Reducing the impact on the
environment

case study LCA (Butera et al. 2015; Ferreiro-Cabello et al. 2016; Mohamed Abdul Ghani et al.
2017; Bertolini and Guardigli 2020; Hao et al. 2020; Tsioka and Voudrias
2020; Malabi Eberhardt et al. 2021)

LCA & CBA –
LCA & LCC –
LCA & MFA (Lausselet et al. 2021)
CBA (Islam and Jashimuddin 2017)
other –

theory / review LCA (Orsini and Marrone 2019)
LCA & CBA –
LCA & LCC –
LCA & MFA –
CBA –
other –

Material & Product design case study LCA (Buyle M. et al. 2019; Cruz Rios et al. 2019; Garc�ıa-Mui~na et al. 2019;
Rasmussen et al. 2019; Eberhardt et al. 2019b; De Wolf et al. 2020; Nußholz
et al. 2020; Sanchez et al. 2020; Vandewalle et al. 2020)

LCA & CBA –
LCA & LCC (Motuzien _e et al. 2016; Garc�ıa-Mui~na et al. 2018; Siva Rama Krishna and Naga

Satish Kumar 2020)
LCA & MFA –
CBA (Wijayasundara et al. 2017, 2018; Gigli et al. 2019; You et al. 2019)
other (Jim�enez-Rivero and Garc�ıa-Navarro 2016; Wijayasundara et al. 2016)

theory / review LCA (Asadollahfardi et al. 2021)
LCA & CBA –
LCA & LCC –
LCA & MFA –
CBA –
other –

Building design case study LCA (Bu Hamdan 2018; Oyinlola et al. 2018; Sanchez and Haas 2018b; Di Biccari
et al. 2019; Eberhardt et al. 2019; Najjar et al. 2019; Romn�ee et al. 2019;
Ueda et al. 2019; Minunno et al. 2020; Mirzaie et al. 2020)

LCA & CBA –
LCA & LCC (Fregonara et al. 2017)
LCA & MFA –
CBA (Duu-Hwa et al. 2018; Pecorino et al. 2018; Andrade et al. 2019; Shen

et al. 2019)
other (Eray et al. 2019)

theory / review LCA (Sanchez and Haas 2018a)
LCA & CBA –
LCA & LCC (Cambier et al. 2020)
LCA & MFA –
CBA
other (Zhang 2013; Adabre and Chan 2020)

Other case study LCA (Tomasetta 2017)
theory / review LCA (Hossain and Ng 2018; Benachio et al. 2020; Hossain et al. 2020)
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A more economic oriented method, the CBA is the second
most common, but still far away from LCA. It was noted, how-
ever, that the number of CBA focussed research has only
recently been used in assessing CE in the CI, although the use of
CBA for assessing CE was already common in other industries.
The main limitation of CBA could be the missing possibility to
accurately calculate the economic costs and benefits in CE proj-
ects, which largely depend on estimates and experience.

It is important to note that these methods provide only an
assessment, which is the basis for decision making. Decision
making itself is a very complex field with numerous methods
and processes, such as multicriteria decision making (MCDM),
for example. Indeed, some of the identified papers (Ulukan and
Kop 2009; Jajac et al. 2012; 2013; Medineckiene et al. 2015;
Motuzien_e et al. 2016; Darko et al. 2019; Tabatabaee et al. 2019;
Khoshand et al. 2020) have used inputs from assessment meth-
ods for the decision making process, but in general, these later
stages are out of the scope of this research.

Conclusion

This study presents a review of current assessment methods of
circular economy projects applied to the construction industry.
In the literature research process, a total of 214 papers were
identified, and finally, 96 papers were found closely related to
the defined keywords after a detailed review papers.

The main objective of this study was to provide a categorization
of CE concepts applied in the CI and to review assessment methods
used for evaluating CE projects in CI. After a detailed review of 96
identified papers, this paper elicited five categories of CE aspects:
waste management, reducing the impact on the environment,
material & product design, building design, and other.

The most common CE category was found to be waste man-
agement, followed by material & product design, with building
design close behind it. Reducing impact on the environment is
rather seldom the topic and there were also four topics which
could not be fitted to either of the four existing categories. This
distribution was expected because waste reduction is one of the
largest issues for the sustainability of the construction industry.
With regards to the assessment methods, the results showed that
LCA was by far the mostly used assessment method, either alone
or in combination with another method, such as with MFA,
LCC and CBA. The reason for most papers using LCA could be
found in the fact that majority of publications was focussed on
the environmental impact, with only recent research focussing
more on the economic aspect.

This analysis also showed a significant increase in the number
of published papers in this field and an increase of use of assess-
ment methods, especially the one with the environmental impact.
The findings of this study indicate that the development and use
of appropriate assessment tools in the evaluation of construction
projects is crucial for the transition of CI to circularity. The pro-
posed categorization of CE aspects specific for CI could be help-
ful for further development in research and promote CE
principles in construction projects.

Within the literature review conducted for this paper, the authors
found that the main limitation of the analyses reviewed here is the
descriptive nature of the identified methods previously used to evalu-
ate CE projects, which mainly leads to the difficulty of relying on
the conducted analyses in the process of decision-making, as the
methods rely mainly on the expertise and opinion of the evaluator.
Accordingly, future research should focus on the integration of quan-
titative and qualitative information, focussing on the analysis process
to reduce the susceptibility of the analysis results to the particular
opinion of the evaluator. This could enable the adoption of a

Table 2. Distribution of publications by assessment methods and category of CE in CI.

Waste management Reducing the impact on the environment Material & product design Building design Others Total

LCA 20 (4) 7 (1) 9 (1) 10 (1) 1 (3) 47 (10)
LCA & CBA 1 (0) 0 (0) 0 (0) 0 (0) 0 (0) 1 (0)
LCA & LCC 4 (1) 0 (0) 3 (0) 1 (1) 0 (0) 8 (2)
LCA & MFA 3 (3) 1 (0) 0 (0) 0 (0) 0 (0) 4 (3)
CBA 4 (1) 1 (0) 4 (0) 4 (0) 0 (0) 13 (1)
other 1 (1) 0 (0) 2 (0) 1 (2) 0 (0) 4 (3)
Total 33 (10) 9 (1) 18 (1) 16 (4) 1 (3) 77 (19)

Figure 5. Distribution of publications by assessment methods and category of CE in CI.
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broader perspective in evaluating all the potential benefits and posi-
tive impacts of CE projects in construction. In addition, the develop-
ment of a comprehensive evaluation methodology requires the
consideration of many perspectives and stakeholders involved.
Further research into the topic could be also expanded to include
the decision-making process, specifically the multi-criteria decision-
making methods. To date, CE methodologies have largely focussed
on most industries, yet a more specialized approach to the needs of
the construction industry could be very welcome, especially with the
increasingly stringent expectations placed on the construction indus-
try for energy efficiency and the expectations to reduce or eliminate
CO and waste emissions to the lowest possible levels.
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