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Abstract: Two methods of natural ecosystem assessment—emergy analysis (EMA) and life cycle
assessment (LCA)—are reviewed in this paper. Their advantages, disadvantages, and application
areas are summarized, and the similarities and differences between these two evaluation methods
are analyzed respectively. Their research progress is also sorted out. The study finds that EMA and
LCA share common attributes in evaluation processes and research fields, but they focus on different
aspects of macrocosms and microcosms. The assessment of system sustainability is valued by both
EMA and LCA, but the former has unique advantages in natural system input analysis, and the latter
is more convincing in assessing environmental loading capacity. If the system boundaries of the two
methods are expanded, in other words, factors such as ecosystem services, labor, and infrastructure
construction are integrated into the upstream of the target system, and environmental impact is
further analyzed using LCA in the downstream of the system, the two approaches would complete
each other. The quantified results would be more objective. Therefore, these two theories have the
necessity of coupling development. After reviewing recent coupling application cases, the results
show that LCA and EMA have commonality in the upstream of the target system (mainly in inventory
database construction), while the environmental impact assessment methods are different in the
downstream. So the overall coupling analysis method is not formed. The current paper gives rational
suggestions on the coupling development of the two systems in terms of the aggregate emergy
flow table, the indicator system construction and indicator evaluation methods. In addition, it is
necessary to introduce sensitivity analysis and uncertainty analysis in order to improve the reliability
of assessment results. At present, the research on the coupling development of the two theories is in
rapid development stage, but there are still many problems that need further exploration.

Keywords: emergy analysis; life cycle assessment; coupling evaluation; uncertainty analysis;
sensitivity analysis
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1. Introduction

At present, human production and consumption activities are completely dependent on the
continuous supply of natural ecosystems, which are inherently complex and consist of several highly
correlated subsystems. In the early stage, it was impossible to achieve quantitative research on natural
ecosystems due to the lack of relevant theoretical research foundations [1]. In the middle of the 20th
century, Odum et al. proposed the emergy analysis (EMA) theory based on theories of natural system
energy control, ecology, and system theory [2]. It was mainly focused on the field of environmental
science and ecology, which integrated environmental services into system analysis from the “donor”
perspective and gradually developed into a scientific methodology [3]. The life cycle assessment (LCA)
was born out of the research on energy consumption in the 1960s and 1970s [4]. It was initially used to
analyze the human-oriented production process and system performance, and gradually extended
to the field of raw material consumption and pollutant emissions. This method, which is highly
practical, focuses on describing the crafting process and assessing the potential environmental impacts
of strategic decisions and market policies [5].

Compared with EMA, LCA draws boundaries from a “user” perspective around human-dominated
processes and systems. Environmental impact is divided into upstream and downstream impacts in
LCA. The former includes processes such as resource input, production operation, and transportation,
and the latter includes processes such as product output and pollutant treatment. These two theories
share many similarities in their evaluation methods (model definition, data list, indicator evaluation,
and results interpretation). Some scholars believe that EMA can be used to measure the “upstream”
environmental impact of LCA in order to supplement the deficiency of the assessment phases of the life
cycle impact [6]. Therefore, if the two evaluation methods are coupled together, the balance between
human needs and natural services could be achieved, and the sustainability of natural ecosystems
could be evaluated. In addition, it is possible to evaluate the resource utilization in the system. The
aim of the current paper is to describe the similarities, differences, and coupling development methods
of LCA and EMA based on exhaustive literature review, and provide feasible suggestions for its
future development.

2. Theoretical Study on the Coupling of LCA and EMA

2.1. EMA Theory and Application

EMA is an environmental accounting method based on thermodynamic theory, which can achieve
the sustainable assessment of the system by tracking the energy thermodynamic conversion path of
resources, products, or services [7,8]. Based on EMA’s specific algebraic rules, factors such as natural
resources, production materials, ecosystem services, infrastructure construction, labor services, money,
and information are converted into a single unit of emergy: sej. In this way, EMA could complete the
spatio-temporal integration of different factors. It is suitable for analyzing complex ecosystems formed
alternately from human economic activities and natural environment evolution [9–11].

EMA itself has an inherent “donor” (from the perspective of input, it belongs to the resource gift
given by the natural ecosystem to the target system) perspective, commonly using emergy indicators
to quantify the sustainability of a natural ecosystem in order to distinguish the dependence of different
components in the system on solar energy and to assess the resource supply of the system in different
energy levels [12]. At present, other evaluation methods, such as exergy analysis and ecological
footprint theory, etc., have difficulties measuring the contribution of the natural ecosystem to economic
development from a macro perspective [13,14]. EMA also has shortcomings from the perspective of
accuracy. Criticism mainly comes from the fields of economics, physics, and engineering [15–17]. This
has restricted the development of EMA theory.

There are four phases in the EMA target system. First of all, determine the system boundary
and plot emergy system diagram, identify the main components, the interrelationship between the
components, and the material flow and energy flow. Second, construct an emergy analysis table with
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the input of major energy or other resources of the target system and output to the natural ecosystem.
Third, build the emergy indicator system and calculate relevant indicators according to the indicator
system. Since the relevant indicators have their own focus, the evaluation indicators are also different.
Finally, interpret the result. The sustainability of the system should be analyzed and the relevant
optimized scheme should be proposed.

At present, EMA is in a rapid development stage, but it still has several deficiencies. First, the
EMA needs to improve the environmental effect assessment of the target system. Direct environmental
impacts caused by resources, services, or products are incorporated into EMA data accounting [17].
However, it is not possible to use EMA to analyze direct or indirect environmental impacts specifically
like LCA, which are caused by resource consumption, waste, or pollutant emissions, such as potential
harm to the human body, ecological health, etc. Second, there are standardization issues in EMA
methodology. Since the natural resources and climatic conditions of target system locations are different,
and the emergy data has distinct regional characteristics, there is a localization problem of Unit Emergy
Value (UEV). So far there are few clear and accurate UEV models to cope with this problem and no
standard processing methods for model uncertainty analysis [17,18]. Third, EMA is greatly influenced
by subjective factors in the determination of system boundaries and the choice of condition-assuming
methods, and lacks the uncertainty analysis of emergy data, which affects the data’s accuracy. Finally,
EMA has unclear conceptual terms. For example, the “emergy baseline” has been repeatedly revised
by researchers since its introduction. Although the emergy baseline has been determined so far, some
scholars have made mistakes, mixing the UEV of old and new baselines, which have caused certain
obstacles for the promotion and use of EMA [19–21].

At an early stage, EMA developed a series of indicators to evaluate eco-technological processes,
such as Emergy Yield Ratio (EYR), Environmental Loading Ratio (ELR), Emergy Sustainability (ESI),
Emergy Support Ratio (ESR), etc. After years of development, new emergy indicators have been
continuously proposed to achieve assessments for different ecosystems, such as Renewable Percentage
(%Re) [22], Energy Recovery Ratio (ERR) [23], Emergy Benefit after Exchange (EBE) [24], Net Profit
(NP) [25], etc. As an effective tool for environmental management and policy planning [17], EMA
has been widely used in a variety of macroscopic systems, such as agricultural systems [26–29],
industrial systems [30–32], urban systems [33–35], etc. In addition, EMA is also widely used in the
micro-system level, such as food production [36], energy supply [37,38], ecosystem services [39], waste
disposal [40,41], and so on.

2.2. LCA Theory and Application

As a sophisticated environmental management tool, LCA enables the quantitative assessment of
potential environmental impacts during the life cycle processes of a product or system. Now it is the
standard procedure for studying the environmental performance of production processes. LCA can
not only accurately analyze the environmental loading of its entire life cycle for specific products, but
can also enable the horizontal comparison of different products to provide decision-making advice [42].
The evaluation model also has high flexibility to handle more complex and multi-scenario evaluation
targets. Therefore, LCA has great advantages in the quantitative assessment of environmental impacts.
Based on the “user” perspective, LCA believes that material consumption and environmental impacts
will occur in all phases of the target system’s life cycle [43]. Therefore, the input and output distribution
of material and energy on each phase is refined to clarify the environmental performance of the target
system. At present, LCA has become one of the most important tools of sustainability assessment,
environmental certification, and product development. Since ecosystem services and resource factors
are provided “for free” by the natural environment, they are often ignored by LCA, which limits the
comprehensiveness of LCA [44].

LCA is divided into four phases [45]. The first phase is to define the goal and scope. The scope
depends on the subject and aim of the study. The goal determines the depth and the breadth of LCA.
The second phase is life cycle inventory analysis (LCI). It is an inventory with output and input data
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according to the system boundary. The third phase is life cycle impact assessment (LCIA). The purpose
of this phase is to provide additional information for analyzing LCI results. The final phase is to
conduct a life cycle interpretation [46]. The results of LCI and LCIA are summarized and discussed in
this phase. Conclusions and advices are reached in accordance with the scope and goal definition.

LCA also has some deficiencies. First of all, some scholars believe that its limitation lies in focusing
only on the environmental impact of system emissions, without quantifying the environmental impact
of ecosystem services, partially renewable and non-renewable resources, such as sunlight, rain, surface
erosion, etc., [47–49]. Second, some researchers believe that the interpretation of the LCA system
boundary lacks scientific basis, which results in strong subjectivity in the system boundary, and
there are errors or even contradictions in calculation results. For instance, on the issue of comparing
the environmental impacts of plastic cups and disposable paper cups, two researchers may arrive
at opposite conclusions using different system boundary divisions [50,51]. Third, LCA is highly
dependent on basic data. If the inventory data lags, the evaluation conclusions may not perfectly
reflect the environmental impact of the current product [21]. Finally, most LCA currently use a single
standard approach. In practice, the target system is often affected by many factors such as environment,
technology, and capital. Therefore, environmental loading obtained by LCA cannot meet the overall
requirements of multi-angle evaluation.

Therefore, some scholars have proposed an optimization approach based on multi-criteria methods
for this situation. So the comprehensive evaluation of multiple parameters can be achieved to overcome
complex decision problems [52].

At present, LCA has been widely used in macroscopic fields, such as industrial sector strategic
planning [53,54], public system decision-making optimization [55], economic strategic planning [56],
system sustainability development [57], etc. In addition, it is also widely used in microscopic fields,
such as industrial building materials [58], the battery industry [59], steel production [60], waste
disposal [61], biomass utilization [62], and so on.

The advantages, disadvantages, and complementarities between EMA and LCA are listed in
Table 1.

Table 1. Advantages, disadvantages, and complementarities between emergy analysis (EMA) and life
cycle assessment (LCA).

Item Advantages Disadvantages Complementarities

EMA

Convert different kinds
of resources into a single
unit
Donor-side perspective

Environmental effect
assessment

Application area:
Both macroscopic and
microscopic systems
Application purpose:
Natural ecosystem
sustainability analysis
Analysis procedures:
Similar four phases
Research methodology:
Uncertainty analysis and
sensitivity analysis

Standardization issues

Accuracy problems

Unclear conceptual
terms

LCA
Environmental impact
assessment
User-side perspective

Lack environmental
impact of ecosystem
services

System boundary
determination problems

Basic data lag problems

Single standard
approach

2.3. Sensitivity Analysis and Uncertainty Analysis

The representativeness of parameter statistics is difficult to fully guarantee, and there are
uncertainties inside and outside the system. Therefore, with the development of related theories,
sensitivity analysis and uncertainty analysis are gradually incorporated into the evaluation methodology
to improve the accuracy of assessment results.
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There are many cases of sensitivity analysis in LCA research. Most of them analyzed the
changing trend of characteristic indicators by changing system input flow. Therefore, the key factors
affecting the target system environment were identified and the optimization scheme was proposed
accordingly [63–65]. In addition, some scholars improved the LCA sensitivity analysis methodology
for specific target systems. For example, Yu et al. proposed a new ecological design scheme, which
used the sensitivity coefficient of LCI uncertainty to determine the key factors of the ecological design
and accordingly proposed a targeted ecological design scheme [66].

On the other hand, there are only a few sensitivity analysis cases in EMA research at present.
Most of them are similar to LCA sensitivity analysis methods, and they analyzed the changing trend
of sustainability indicators based on changes of input flow. Ulgiati et al. developed a Sustainability
Multi-criteria Multi-scale Assessment (SUMMA) model. By adjusting input quantity and the variable
unit of the relevant influence coefficient, the sensitivity analysis of inventory data and impact indicator
was carried out to determinate the reliability of the evaluation and key nodes in the evaluating
process [67]. Liang et al. used the number of input flow and the mixture ratio as variables and the
emergy index of sustainability as a dependent variable to determine the influence of input flow changes
on sustainability changes. He analyzed the importance of biomass production and utilization on the
sustainability of hydrogen production systems using this method [68].

Uncertainty analysis is very important for the reliability of ecosystem sustainability assessment
models. It is more extensively used in LCA research and most of them used the parameter uncertainty
analysis method, which is used to determine the inventory data source uncertainties [69]. At present,
LCA uncertainty analysis methods mainly include the Monte Carlo analysis algorithm [70–72] and
the Taylor expansion method [73–75]. A small portion of the analyses used fuzzy set theory [76].
Uncertainty analysis has been used less in EMA studies, most of which were tracing the source of
uncertainty. For example, Amaral et al. discussed the source and processing methods of numerical
uncertainty. It was considered that the system energy inflow and conversion factor calculation were
the main sources of uncertainty, so the emergy evaluation process was always accompanied with
numerical uncertainty [77]. Ingwersen et al. discussed the basic algorithmic differences of UEV and
the sources of model uncertainty, and used the Monte Carlo model to analyze the applicability of
analytical solutions and random solutions in EMA [78].

In EMA and LCA coupling studies, some scholars introduced uncertainty studies. Elvira et al.
used the Monte Carlo model to simulate the uncertainty of the analysis results in order to solve the
bias in data collection and the processing procedure [79]. Wesley et al. constructed an uncertainty
model based on lognormal distribution to reduce the error caused by emergy calculation and data
error, which provided a reference for determining the main factors that affect uncertainties [80]. Reza et
al. used fuzzy set theory to evaluate the uncertainty of UEV and discussed effects caused by different
uncertainty sources in assessment and the decision-making field [81].

3. Coupling Development Process

Based on the above literature reviews, we found that there is a high similarity between EMA and
LCA in many aspects. First of all, in terms of analysis procedures, they both go through four steps
of system boundary determination, data list analysis, model calculation, and result interpretation.
There are similarities between the two methods from the perspective of the evaluation process. Second,
in terms of application areas, both theories can be applied to the macro- and micro-level studies, in
which each of them has formed quite a bit of research already. For example, EMA is widely used in
industrial systems, agricultural systems, urban systems, etc., while LCA is generalized in fields of
ecosystem services [82,83], food production [46,84], biomass diesel [85,86], building assessment [87],
etc. Furthermore, in terms of research methodology, both theories have proposed the uncertainty
analysis of inventory data and the sensitivity analysis of calculation results. Some scholars believe that
it is necessary to apply the uncertainty and sensitivity analysis methods to the coupling of the two
theories, which could facilitate the development of the coupling theory [88].
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In this paper, through the software “citespace”, papers with the themes of “emergy” and “life cycle
assessment” were visually analyzed, and various “node types”, such as “category”, “keyword”, and
“type”, were integrated. By combing the mutual reference relationship of related coupling literature
research, the evolution of the coupling development of EMA and LCA was further clarified.

According to Figure 1, the coupling development of the two methods has gone through two
stages. The first is the budding stage, from the beginning of 21st century to 2008. In order to expand
the system boundary in ecosystem exergy analysis, Hau et al. introduced the EMA algorithm and the
LCA concept [9]. When Sciubba and Ulgiati attempted to conduct coupling analysis between exergy
and emergy, they proposed that the introduction of the LCA database could improve the accuracy
of coupling analysis. Ulgiati et al. believed that renewable emergy provided by natural ecosystems
could compensate for LCA’s shortcomings in ecosystem product and service calculations [67]. This
research idea provided important reference for future coupling studies. Based on the thermodynamic
input-output model, Ukidwe et al. developed an assessment method for the accumulated consumption
of ecological energy. The concept was highly similar to EMA, which emphasized quantifying the energy
consumption of producing natural resources in order to make up for the lack of LCA in this area [89].
Pizzigallo et al. conducted research from different perspectives on the same case [90]. In this study, the
input-output analysis using LCA highlighted the environmental performance of the target system, and
the relationship between the production process and natural resources was discussed based on EMA,
which revealed the complementarity of the two methods. In short, the coupling research is relatively
limited and it is limited to the feasibility study of multi-scheme coupling in the field of environmental
assessment, which laid the theoretical foundation for the development of coupling research.

Sustainability 2020, 12, 367 6 of 13 

According to Figure 1, the coupling development of the two methods has gone through two 
stages. The first is the budding stage, from the beginning of 21st century to 2008. In order to expand 
the system boundary in ecosystem exergy analysis, Hau et al. introduced the EMA algorithm and 
the LCA concept [9]. When Sciubba and Ulgiati attempted to conduct coupling analysis between 
exergy and emergy, they proposed that the introduction of the LCA database could improve the 
accuracy of coupling analysis. Ulgiati et al. believed that renewable emergy provided by natural 
ecosystems could compensate for LCA’s shortcomings in ecosystem product and service 
calculations [67]. This research idea provided important reference for future coupling studies. Based 
on the thermodynamic input-output model, Ukidwe et al. developed an assessment method for the 
accumulated consumption of ecological energy. The concept was highly similar to EMA, which 
emphasized quantifying the energy consumption of producing natural resources in order to make 
up for the lack of LCA in this area [89]. Pizzigallo et al. conducted research from different 
perspectives on the same case [90]. In this study, the input-output analysis using LCA highlighted 
the environmental performance of the target system, and the relationship between the production 
process and natural resources was discussed based on EMA, which revealed the complementarity of 
the two methods. In short, the coupling research is relatively limited and it is limited to the 
feasibility study of multi-scheme coupling in the field of environmental assessment, which laid the 
theoretical foundation for the development of coupling research. 

 
Figure 1. Emergy analysis (EMA) and life cycle assessment (LCA) coupling development research 
results. 

Since 2009, the coupling study between EMA and LCA has had a rapid development. The 
research results at this stage are mainly divided into the following three categories. The first 
category is to perform EMA and LCA evaluations on the target system separately, and then perform 
comprehensive or comparative analysis. Srinivasan et al. used LCA to estimate the life cycle energy 
value from the perspective of energy utilization and compared it with the life cycle emergy 
estimated by EMA [91]. In this way, they formed a scheme for incorporating upstream energy into 
the life cycle energy usage metric. Li et al. proposed a new coupling scheme, Hybrid Emergy-LCA 

Figure 1. Emergy analysis (EMA) and life cycle assessment (LCA) coupling development
research results.

Since 2009, the coupling study between EMA and LCA has had a rapid development. The research
results at this stage are mainly divided into the following three categories. The first category is to
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perform EMA and LCA evaluations on the target system separately, and then perform comprehensive
or comparative analysis. Srinivasan et al. used LCA to estimate the life cycle energy value from the
perspective of energy utilization and compared it with the life cycle emergy estimated by EMA [91]. In
this way, they formed a scheme for incorporating upstream energy into the life cycle energy usage
metric. Li et al. proposed a new coupling scheme, Hybrid Emergy-LCA (HEML), by using EMA to
assess the emergy trend of resources and services, listing LCA inventory results to discuss system
environmental performance, defining new indicators to integrate the two evaluation results [92].
Therefore, the annual emergy requirement of the target system could be quantified. Cui et al. used
EMA and LCA to evaluate the target system separately, and then combined the resource consumption
structure and the environmental performance of the target system to explore its sustainability [93]. The
second category is to use LCA structures, indicators or inventory data to refine the EMA framework.
Brown et al. referred to the widely used process input standard classification method in LCA and
discussed spatial scale, boundary conditions, and input classification schemes that should be applied
in EMA [94]. In this way, a general judgment framework suitable for EMA was proposed. Rugani
et al. believed that using the LCI database and the LCA matrix framework to optimize EMA is the
key for the coupling between EMA and LCA [95]. Reza et al. developed the emergy-based LCA
framework in order to transfer currency cost into emergy and formed a sustainable comparative
evaluation framework coupled with EMA and LCA [96]. Through this study, the input and output
streams of the life cycle inventory database could be converted into equivalent emergy. Marvuglia et
al., introduced the Software for Calculating Emergy based on life cycle inventories (SCALE), which
realized the rigorous and reproducible calculation of the target products or service [19]. Their research
is an effective exploration of the integration of the standardized LCI and EMA. The third category
is to supplement the perspectives of LCA with EMA, which is to integrate ecological resources and
service factors based on EMA in the upstream of the target system and to assess environmental impact
based on LCA in the downstream of the target system [46,97]. In order to solve the problem of how
to quantify ecological damage by the LCA midpoint evaluation model, Rugani et al., proposed to
use UEV data as the affecting characterization factors of LCA [98]. By doing this, ecological losses
could be quantified and the deficiencies of EMA in environmental performance assessment could be
compensated. To solve the problem of uncertainty characterization in EMA, Ingwersen et al. developed
a model that used emergy as an indicator of LCA. As a result, resources and services acquired from
natural ecosystems could be quantified [80]. Gala et al. believed that EMA had a problem with waste
and by-products’ emergy distribution [99]. Therefore, LCA resource recycling and energy recovery
processing mechanisms were introduced. And then EMA was supplemented based on the user’s
perspective. As a result, a recycling resource synergy process was formed. In short, the influence
of coupling research between EMA and LCA in this stage has been greatly enhanced in the field
of natural ecosystem assessment. The methodological basis has been laid for the next stage of the
coupling development.

4. Coupling Development Prospect

Based on the summary of the EMA and LCA coupling methods literature, it is reasonable to
believe that two aspects should be the focus of future coupling development: emergy indicator system
construction and indicator evaluation.

Emergy flow table construction: Based on the common characteristics (emergy flow input and output)
of EMA and LCA in database inventory construction, it is recommended to couple them by constructing
the aggregate analysis table. The main idea is to list the input and output resources of the system,
respectively, according to the LCA database inventory method at the stage of purchasing resource
emergy accounting. The system input module incorporates ecological resources, labor services, and
other factors. System output would be divided into two categories: product and waste [92,100]. The
table is different from the single emergy analysis table or LCA database inventory, which not only
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expands the system boundary, but can also clearly analyze the input proportion of the input emergy
flow in the upstream of the target system.

Emergy indicator system construction: The construction of the emergy indicator system has always
been one of the main hotspots in EMA academic research [96]. Li et al. (2009) believed that
environmental impact is mainly quantified by the indicator ELR in EMA, which can only show the
regional environmental load of the system but cannot accurately analyze the pollutant emissions caused
by the system operation process [92]. Thus, the indicator WR (Waste Ratio) was proposed to optimize
the treatment of the system waste. Reza et al. expanded the EMA indicator system and developed
a new set of indicators correspondingly [96]. They also revised the EL (Emergy Equivalent of Loss)
indicator, which can be used to quantify various parameters into emergy, such as human health loss,
ecological loss, and solid waste emission loss in LCA. Srinivasan et al. summarized the advantages and
disadvantages of combining EMA with two LCA schemes and revealed a relatively clear optimization
direction for the emergy indicator system [91]. The comprehensiveness of Economic Input-Output
life cycle assessment (EIO-LCA) in the assessment of upstream energy use was revealed and the
advantages of Ecologically based life cycle assessment (ECO-LCA) in architectural design, construction,
and operation were reflected. In short, some new indicators will be proposed correspondingly with
the requirements of research objectives. Indicator system construction will be an important direction
for EMA and LCA coupling research.

Emergy indicator evaluation: The selection of a reasonable and effective indicator evaluation method
is an important prerequisite for EMA and LCA coupling analysis. Kursun synthesized dimensionless
indicators of EMA, standardized indicators of LCA, and cost indicators [101]. The research idea of
optimal combination was put forward by means of multi-objective linear programming. Liu et al.,
2017, introduced DALY (Disability-Adjusted Life Years) and PDF (Potentially Disappeared Fraction of
Species) to calculate the human health and ecosystem loss emergy caused by different emissions, and
then incorporated them into the emergy indicator system [100]. This method provided a new idea for
the coupling scheme based on the EMA indicators.

Generally speaking, the evaluation methods of EMA and LCA coupling are different, but whether
turning parameters into emergy or making indicators dimensionless, all coupling ideas are effective
explorations of EMA and LCA coupling studies. The coordination degree is one of the most important
characteristics to characterize the sustainable development level. Therefore, it is necessary to discuss
whether it is possible to introduce cooperative entropy theory into EMA and LCA coupling studies. By
introducing synergistic entropy function, more accurate collaborative clustering could be achieved,
which is based on the full usage of EMA and LCA parameters, and the synergy relationship intensity
of case systems could be obtained. In this way, a more comprehensive judgment could be provided for
target system sustainability evaluation [102].

5. Conclusions

The theoretical basis and application areas of EMA and LCA were summarized, and the potential
links between LCA and EMA based on different perspectives were discussed in this paper. EMA is a
donor-side evaluation method, which makes the evaluation scope more perfect based on its compatibility
with economic and social factors. On the other hand, as a user-side assessment method, LCA is
more sensitive to system resource consumption and environmental impact due to its sophisticated
and flexible framework. Based on the current analysis, the LCA framework can compensate for
the insufficiency of the normalization of emergy flow distribution and the comprehensiveness of
impact analysis in the EMA procedure. EMA can be used to supplement LCA with resource-localized
treatment options and the quantitative analysis of ecosystem services. Therefore, the two theories can
complement each other, which provides the necessary foundation for the coupling development of
LCA and EMA.

The coupling research of LCA and EMA will be deepened step by step, and it is considered that
the best trend of coupling development is to exert their maximum functional advantages. At present,



Sustainability 2020, 12, 367 9 of 13

some scholars have studied the coupling methods, but the coupling approaches are different and lack
unanimously approved methodologies. Therefore, the following aspects should be highlighted as the
requirements of coupling development. First, speed up the optimization and updating process of the
LCA inventory database, improve its accuracy, and gradually incorporate the ecosystem service data
into it. Second, strengthen the standardization and consistency research on the flow distribution rules
of EMA and LCA. The coupling methodology research should be strengthened also. Third, EMA and
LCA indicator system construction and its evaluation methods need to be continuously improved.
Fourth, the uncertainty degree is high due to the differences of coupling methods and inherent special
properties in the UEV. It is necessary to develop a more complex version of the stochastic model or
to adopt mathematical modeling to strengthen the study of the uncertainty analysis of the coupling
between EMA and LCA in order to improve the accuracy of the coupling assessment. Based on the
above issues, the development of EMA and LCA coupling was prospected in three aspects—emergy
flow table construction, emergy indicator system construction, and emergy indicator evaluation—in
this review, which hopes to provide a coupling analysis method that can be extended.
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