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ABSTRACT 
The implementation of investment projects has an important role to play in the development of the 
economy and also to be in concordance with the Circular Economy concepts, as it causes not only the 
flows of financial and labor resources into the regional economy, but also stimulates the development 
of scientific and technological progress and the emergence of innovations. A comprehensive 
assessment is essential approach of any investment project to achieve sustainable development and to 
close the loop as requested be the Circular Economy through balancing between social and economic 
development, as well as preservation of environment. The assessment of ecological and economic 
efficiency of investment projects is one of the most significant stages of project implementation as it 
allows to uncover the potential negative effects and possible failure of the project. So far, there are no 
unified approaches to assessing the effectiveness of investment projects, especially its environmental 
component. That fact leads to a biased assessment of the impact of an investment project on the 
environment. The problem is caused not only by the lack of a common, internationally accepted 
methodology, but also by the complexity of accounting for externalities and negative financial 
impact. The purpose of the study is to examine and systemize existing approaches to the assessment 
of ecological and economic efficiency and provide recommendations for its enhancement. The article 
highlights two conceptual approaches to the efficiency assessment of the project and their benefits 
and drawbacks. 
Keywords:  investment project, eco-efficiency, efficiency assessment, circular economy. 

1  INTRODUCTION 
Rapid economic and scientific development encourages enterprises and governments in 
both developed and developing countries to invest in the implementation of various 
investment projects. The introduction of Circular Economy (CE) in order to close the loop 
is also one of the most studied and developed concepts [1]–[5]. Successful project 
implementation implies a return on investment, obtaining commercial profit, meeting social 
needs, improving living standards and gaining a competitive advantage, all considering not 
only the economic aspects but also the environmental and possible the human health ones 
[6]–[9]. Investments stimulates further economic development and accelerate developments 
in science and technology. In spite of its socio-economic benefits, implementation of any 
investment project involves a great deal of risk that might have a negative impact on the 
final project performance. 

The assessment of economic efficiency of the investment project is carried out on the 
initial stages of project development. The purpose of that process is to uncover potential 
risks in a timely matter in order to offset them. It includes not only the assessment of 
economic risks but also the assessment of social, financial and technical risks that may arise 
within project implementation. Nowadays it is also mandatory to provide the assessment of 
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eco-efficiency of investment projects owing to the stable annual increase of human 
pressures on the environment. Therefore, the successful implementation of investment 
project should also consider mitigation of the negative influence of any human activities on 
the environment (in case of eco-modernization of the already existing facility) or achieving 
the minimum anthropogenic pressures on the environment as a result of the project 
implementation (in case of establishing a new enterprise) [10]. 

The approaches to economic efficiency assessment of the investment project, that are 
given in the scientific and methodical literature units, can be divided into two groups: 
discounting assessment methods and statistical assessment methods. Discounted methods 
are based on using a discount rate that allows to assess the project’s effectiveness 
considering the influence of the time factor and the probability of emerging risk situations 
[11]–[14]. Statistical methods do not consider the time factor that makes them less in 
demand in the assessment process. However, statistical methods are more understandable 
for project stakeholders and they are often used at the initial stage of investment projects 
selection. 

The assessment of eco-efficiency is based on evaluation of ecological dimensions of 
project implementation. The difficulty in assessing effectiveness is that the part of 
ecological dimensions cannot be measured by quantitative methods as it relates to external 
effects or externalities [15]. The most common approaches to the assessment of eco-
efficiency of investment projects include the environmental component (e.g. environmental 
costs or benefits) in the calculation of economic indicators such as NPV (Net Profit Value) 
or PI (Profitability Index). The results of evaluation in case of using these approaches might 
incorrectly display the real impact of the investment project on the environment and usage 
of natural capital [16]. The aim of this research is to present a brief review of the existing 
conceptual approaches to the assessment of ecological and economic efficiency of 
performance, highlight their benefits and drawbacks and to propose recommendations for 
their improvements. 

2  COMPARATIVE ANALYSIS OF THE ASSESSMENT APPROACHES OF 
ECOLOGICAL AND ECONOMIC EFFICIENCY IN INVESTMENT PROJECTS 

The assessment of ecological and economic efficiency of investment projects involves the 
evaluation of ecological dimensions in monetary units. The analysis is carried out by 
comparing the potential economic benefits of the projects and the associated costs of 
potential negative impacts of the project implementation on the environment. 

Ecological dimensions of the investment project include environmental benefits and 
environmental costs. The list of environmental costs contains [17]–[19]: 

 cost of quantitative or qualitative losses of natural resources; 
 abatement costs and expenditure on the environmental regeneration; 
 cost of natural resource restoration; 
 loss of profit and other losses. 

Environmental benefits of the project implementation include potential public benefits, 
increase in the efficiency of natural resource use, mitigation of negative impact on the 
environment, all in concordance with the CE concepts. According to the World Bank 
Operational Policy regarding Environmental Impact Assessment, environmental costs and 
environmental benefits must be quantified [20]. 

Approaches to the assessment of economic and environmental efficiency of investment 
projects might vary depending on the author of the methodology or the organization that  
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Figure 1:    Framework of the assessment of ecological and economic assessment of 
investment projects. (Source: Based on [6], [10], [11], [19], [22].) 

work on the same task. The common framework of the assessment of ecological and 
economic efficiency of investment project is provided in Fig. 1. 

Social and technological aspects also have an important role to play in the process of the 
efficiency assessment of investment projects. The fundamental goal of any investment 
project is to have a return on the investment and to make a profit. However, the social 
responsibility of business and the increasing public focus on environmental and social 
challenges force investors and stakeholders to demonstrate the social significance of the 
project and its safety for the environment [21]. For instance, investment project 
implementation should improve the standard of living in the region, create new jobs, reduce 
environmental pollution or provide low level of negative impact on the environment, etc. 

There are two main conceptual approaches that are presently used to assess the 
economic and ecological efficiency of the investment project, namely, cost-efficiency 
approach and cost-benefit approach [23]. The basic principle of both approaches is to 
involve all possible ecological benefits and costs in the cashflows of the investment project 
(Table 1). 

The reviewed approaches to the assessment of economic and ecological efficiency 
evaluate ecological aspects in monetary units that determines the success rate of the 
investment project only in terms of profit considering potential ecological costs and 
benefits (eqn (1)) [23]–[25]: 

 𝐵 𝐵𝑒 𝐶 𝐶𝑒 0. (1) 
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Table 1:   Comparison of approaches to the assessment of ecological and economic 
efficiency of investment projects. (Source: Based on [12], [23]–[28].) 

Approach to the 
efficiency 
assessment 

Cost-efficiency approach Cost-benefit approach 

Characteristics 
of the approach 

The method is based on a comparison of options 
with different cost ratios and the result obtained. 
The best option is considered to be the one with 
the lowest costs, ensuring the achievement of the 
necessary economic and environmental results.

The method is based on the 
comparison of economic 
and ecological benefits to 
the economic and 
ecological costs incurred. 

Indicators 

Indicators (eqns (2)–4): 

 NPVe = ∑ , (2) 

where NPV is net profit value, in value units; B 
and Bet are economic benefits and ecological 
benefits respectively, in monetary units; C and 
Cet are economic costs and ecological costs 
respectively, in money units; r is the discount 
rate; T is the reporting period, years; t is the 
number of the year. 

 IRRe: ∑ 0,  (3) 

where IRR is the internal rate of return. 

 PIe = ,  (4) 

where PIe is profitability index. 
The following indicators are also used within the 
assessment process: DPPe, ROI, etc. 

Benefit-cost ratio 
(eqn (5)): 
 

Project efficiency = . 

 (5) 

Advantages of 
the approach 

 the approach considers the influence of the 
time factor; 

 the approach is used when it is necessary to 
obtain a certain ecological result; 

 allows to compare the effectiveness of 
environmental measures within a single 
project. 

 universality of the 
indicator; 

 ability to compare the 
results of alternative 
projects; 

 easy interpretation. 

Disadvantages 
of the approach 

 the difficulty of integrating all ecological 
benefits and costs in monetary units; 

 not considering the efficiency of the natural 
capital use, reduction of resource 
consumption, etc. 

 NPV does not allow to compare alternative 
investment projects, as it is an absolute 
indicator; 

 the complexity of calculations, the 
subjective nature of the choice of the 
discount rate and the impossibility of 
changing it due to changing environmental 
conditions 

 low informativeness; 
 complexity of 

accounting for all 
environmental 
benefits and costs in 
monetary units; 

 not considering the 
efficiency of the use 
of natural capital, 
reduction of resource 
consumption, etc. 
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The benefits of the project should exceed the costs of its development and 
implementation: the investment project shows its effectiveness only if it has a positive 
closing balance. 

The main drawback of the reviewed approaches is that they do not allow to provide 
comprehensive description of the impact of investment projects on the environment, the 
efficiency of natural capital use at all stages of the project life cycle and long-term 
consequences for the environment [29]. Both approaches do not evaluate energy efficiency 
of the project in physical units. Potential environmental damage within the framework of 
the considered approaches is estimated as the amount of emissions or costs for eliminating 
negative impacts on the environment, which can vary significantly depending on the 
country’s legislation and the availability of environmental technologies, which makes the 
assessment of environmental impact biased and makes it difficult to compare alternative 
investment projects [30]. 

The potential benefits of the investment project may be several times higher than the 
expected costs of its implementation (including such ecological costs as the cost of 
eliminating negative impacts), which negatively affects the motivation of investors and 
stakeholders to continue to reduce the impact of the implementing project on the 
environment and invest in the development of resource-saving and environmental 
technologies. 

Moreover, it is almost impossible to consider all the external effects of the project 
implementation or externalities at the development stage in the assessment process [31]. In 
the majority of cases, externalities and other long-term external effects are not considered 
due to the high degree of uncertainty of long-term consequences and the lack of official 
need for their assessment [32], [33]. This can lead to shortsightedness of entities and to 
considerable economic losses in the long term. 

According to the given results, the following shortcomings of the considered conceptual 
approaches to assessing the ecological and economic efficiency of investment projects can 
be identified: 

 the complexity or inability of comparing the alternative investment projects in terms of 
their ecological efficiency (efficiency of natural capital use, energy efficiency of the 
project, etc.); 

 the low level of results informativeness of the ecological assessment for project 
investors and stakeholders; 

 the assessment of ecological benefits and costs is made only in monetary units, that 
makes it biased when comparing alternative investment projects of different scales; 

 difficulties in performing calculations and the inability to change the specified 
valuation parameters (for instance, the discount rate) due to changing environmental 
conditions. 

3  RESULTS AND DISCUSSION 
Strengthen the objectivity of assessing the ecological effectiveness of investment projects is 
a key driver for improving the existing approaches to ecological and economic assessment. 

International Association for Impact Assessment (IAIA) defines and environmental 
impact assessment (EIA) as the process of identifying, predicting, evaluating and mitigating 
the biophysical, social, and other relevant effects of development proposals prior to major 
decisions being taken and commitments made [34]. EIA can be made in relation to any 
activity of any business entity, including investment projects. The ISO 14045 and ISO  
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(a) (b)

Figure 2:    Frameworks of the environmental assessment. (a) Eco-efficiency assessment 
(ISO 14045:2012); and (b) Life-cycle impact assessment (LSIA) (ISO 
14040:2006). (Source: Based on [35], [36].) 

14040 standards contain two conceptual approaches to the methodology for assessing 
environmental performance (Fig. 2). 

Both approaches involve a comprehensive assessment of the ecological impact of the 
business entity. The results of the environmental performance assessment according to ISO 
14045 can be used in the development of measures to improve the efficiency of production 
and sales of products, strategic planning and investment analysis. Life cycle impact 
assessment is a more flexible and comprehensive approach to assessing environmental 
performance at all stages of the product life cycle, but its adaptation to the life cycle of an 
investment project can cause difficulties in calculating, generating cash flows, considering 
externalities and other environmental impacts at each stage of the project life cycle and 
interpreting the results obtained [37]–[39]. 

To improve the methods of assessing the ecological and economic efficiency of 
investment projects, it is proposed to: 

 include ecological indicators in the assessment process in three dimensions: indicators 
of environmental pollution, indicators of use of natural capital, indicators of energy 
efficiency indicators; 

 calculate ecological indicators in physical units, give preference to relative 
environmental indicators; 

 keep the calculation of ecological and economic efficiency indicators of the project 
(NPVe, IRRe, DPPe, IPe), but compare them with proposed ecological indicators. 

Table 2 presents a basic system of ecological indicators that can be used to assess the 
environmental performance of an investment project. The indicators of energy efficiency 
include indirectly the role of renewable energy use. The indicators of use of natural capital 
include indirectly the checking of the adoption of the CE principles. 
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Table 2:    The proposed system of ecological indicators for the assessment of ecological 
and economic efficiency of investment project. 

Group of ecological 
indicators 

Indicators 

Indicators of 
environmental 
pollution 

 total greenhouse gas emissions, in physical units; 
 greenhouse gas emissions per unit of production; 
 total emissions of harmful substances, in physical units; 
 emissions of harmful substances per unit of production; 
 total water pollutants, in physical units; 
 water pollutants per unit of production; 
 total waste generation, in physical units; 
 waste generation per unit of production.

Indicators of use of 
natural capital 

Resources capacity of production – a ratio of the natural resources 
used by the facility, to the corresponding amount of annual 
production (in physical units): 
 water capacity of production; 
 fuel capacity of production; 
 natural resources capacity of production etc.

Indicators of energy 
efficiency 

 total energy consumption, in physical units; 
 energy capacity per unit of production; 
 total use of hydrocarbon fuel, in physical units; 
 use of hydrocarbon fuel per unit of production.

 
Comparability of alternative investment projects is achieved through the use of ratios, 

which allow to compare investment projects on the environmental component. All 
indicators should be calculated over time in order to highlight potential changes in the 
dynamics. The project provides effectiveness when most ecological indicators demonstrate 
a downward trend. 

Another advantage of the proposed system is the informativeness of indicators and the 
simplicity of their interpretation that allows to compare alternative projects with each other. 
Also, the proposed system allows to compare scenarios “with the project” and “without the 
project”, which may provide added information on the benefits of the project in terms of 
environmental components. In some cases, the scenario “without the project” that means 
the complete rejection of the project implementation, might bring more economic and 
ecological benefits in comparison to the scenario when the project is implemented. 
Moreover, in case of eco-modernization the proposed indicators should be calculated at 
least twice: before eco-modernization project and after eco-modernization project. 

The proposed system of ecological indicators can be also adapted to the type of 
investment project and the branch of the economy to which this investment project belongs. 
An example of adaptation is given in the paper “Improving the approach to efficiency 
assessment of investment projects in the energy sector” [40], where indicators of the natural 
capital use were adapted to the energy facility. 

Fig. 3 shows the system of assessment of ecological and economic efficiency of 
investment projects proposed by the authors. 

Several ecological indicators can be determined in terms of monetary units. These 
determinations are appropriate if investment projects are characterized by the same scale, 
level of investment and production. 
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Figure 3:    The proposed framework of the assessment of ecological and economic 
assessment of investment projects. 

4  CONCLUSION 
Authors proposed extended system of ecological indicators as contribution to improve the 
methodology for the ecological and economic efficiency assessment of investment projects. 
The proposed system of indicators allows for a comprehensive assessment of the impact of 
an investment project on the environment, energy efficiency of the project and the 
efficiency of natural capital use within its implementation. Advantages of the system of 
ecological indicators are the following: 

 the possibility of comparing alternative investment projects by ecological aspects; 
 simplicity of calculations and interpretation of the results obtained; 
 informativeness of the results obtained and their comprehensibility for investors and 

stakeholders of the investment project; 
 the objectivity of the system of ecological indicators in the framework of assessing the 

eco-efficiency of the investment project. 

As a further improvement in the assessment of economic and ecological efficiency of 
investment projects, further development of a broader system of ecological indicators and 
their adaptation to various sectors of the economy. In addition, it is possible to develop an 
integrated indicator for assessing the ecological and economic efficiency that allows a 
comparison with alternative investment projects only by one criterion. 

522  The Sustainable City XV

 
 www.witpress.com, ISSN 1743-3541 (on-line) 
WIT Transactions on Ecology and the Environment, Vol 253, © 2021 WIT Press



ACKNOWLEDGEMENT 
This research was supported by Act 211 Government of the Russian Federation, contract № 
02.A03.21.0006. 

REFERENCES 
[1] Atstaja, D. et al., Investments to develop business models and projects in the circular 

economy. IOP Conference Series: Earth and Environmental Science, 578(1), 
012029, 2020. 

[2] Ungerman, O. & Dědková, J., Model of the circular economy and its application in 
business practice, environment. Development and Sustainability, 22(4), pp. 3407–
3432, 2020. 

[3] Bianchini, A., Rossi, J. & Pellegrini, M., Overcoming the main barriers of circular 
economy implementation through a new visualization tool for circular business 
models. Sustainability, 11(23), p. 6614, 2019. 

[4] Aranda-Usón, A., Portillo-Tarragona, P., Marín-Vinuesa, L.M. & Scarpellini, S., 
Financial resources for the circular economy: A perspective from businesses. 
Sustainability, 11(3), p. 888, 2019. 

[5] Millette, S., Eiríkur Hull, C. & Williams, E., Business incubators as effective tools 
for driving circular economy. Journal of Cleaner Production, 266, 121999, 2020. 

[6] Carvallo, J.P., Murphy, S.P., Stuart, E., Larsen, P.H. & Goldman, C., Evaluating 
project level investment trends for the U.S. ESCO industry: 1990–2017. Energy 
Policy, 130, pp. 139–161, 2019. 

[7] Hysa, E., Kruja, A., Rehman, N.U. & Laurenti, R., Circular economy innovation and 
environmental sustainability impact on economic growth: An integrated model for 
sustainable development. Sustainability, 12(12), p. 4831, 2020. 

[8] Kormishkina, L., Kormishkin, E., Gorin, V., Koloskov, D. & Koroleva, L. 
Environmental investment: The most adequate neo-industrial response to the growth 
dilemma of the economy. Entrepreneurship and Sustainability Issues, 7(2), pp. 929–
948, 2019. 

[9] Junnila, S., Ottelin, J. & Leinikka, L., Influence of reduced ownership on the 
environmental benefits of the circular economy. Sustainability, 10(11), p. 4077, 
2018. 

[10] Jin, X., Liu, Q. & Long, H., Impact of cost-benefit analysis on financial benefit 
evaluation of investment projects under back propagation neural network. Journal of 
Computational and Applied Mathematics, 384, pp. 113–172, 2021. 

[11] Marchioni, A. & Magni, C.A., Investment decisions and sensitivity analysis: NPV-
consistency of rates of return. European Journal of Operational Research, 268(1), 
pp. 361–372, 2018. 

[12] ESCAP, Eco-efficiency indicators: Measuring resource-use efficiency and the impact 
of economic activities on the environment. www.sustainabledevelopment.un.org/ 
content/documents/785eco.pdf. Accessed on: 1 Dec. 2020. 

[13] Sinenko, S. & Savin, I., Assessment of sufficiency of financial resources according to 
plan of investment project of cooperation. E3S Web of Conferences, 217, 07026, 
2020. 

[14] Binda, J., Prokopenko, M., Ramskyi, A., Shuplat, O., Halan, L. & Mykhaylenko, D., 
Assessment of investment attractiveness of industrial enterprises. International 
Journal of Management, 11(2), pp. 27–35, 2020. 

The Sustainable City XV  523

 
 www.witpress.com, ISSN 1743-3541 (on-line) 
WIT Transactions on Ecology and the Environment, Vol 253, © 2021 WIT Press



[15] Torres-Ruiz, A. & Ravindran, A.R., Use of interval data envelopment analysis, goal 
programming and dynamic eco-efficiency assessment for sustainable supplier 
management. Computers & Industrial Engineering, 131, pp. 211–226, 2019. 

[16] Caiado, R.G.G., Dias, R.F., Mattos, L.V., Quelhas, O.L.G. & Filho, W.L., Towards 
sustainable development through the perspective of eco-efficiency – A systematic 
literature review. Journal of Cleaner Production, 165, pp. 890–904, 2017. 

[17] World Business Council for Sustainable Development (WBCSD), Eco-efficiency. 
Creating more value with less impact, 2000. 

[18] Bartošová, V., Majerčák, P. & Hrašková, D., Taking risk into account in the 
evaluation of economic efficiency of investment projects: Traditional methods. 
Procedia Economics and Finance, 24, pp. 68–75, 2015. 

[19] Kulczycka, J. & Smol, M., Application LCA for eco-efficiency assessment of 
investment projects. Acta Innovations, 16, pp. 29–38, 2015. 

[20] The World Bank, Environmental and Social Framework.  
www.pubdocs.worldbank.org/en/837721522762050108/Environmental-and-Social-
Framework.pdf. Accessed on: 25 Nov. 2020. 

[21] Coase, R.H., The problem of social cost. The Journal of Law and Economics, 56(4), 
pp. 1–13, 2007. 

[22] Ziyadin, S., Streltsova, E., Borodin, A., Kiseleva, N., Yakovenko, I. & 
Baimukhanbetova, E., Assessment of investment attractiveness of projects on the 
basis of environmental factors. Sustainability, 11, p. 2544, 2019. 

[23] Cheng, H., Kung, P., Wang, B., Chiu, L. & Tsai, W., Cost-benefit analysis, cost-
effectiveness analysis, and impact of antiepileptic drugs on the risk of fracture in 
patients with epilepsy: A nationwide cohort study. Epilepsy & Behavior, 103(A), 
106851, 2020. 

[24] Ehrenfeld, J.R., Eco-efficiency: Philosophy, theory, and tools. Journal of Industrial 
Ecology, 9(4), pp. 6–8, 2005. 

[25] Verfaillie, H.A. & Bidwell, R., Measuring Eco-Efficiency: A Guide to Reporting 
Company Performance, World Business Council for Sustainable Development: 
Geneva, 2000. 

[26] Schmidheiny, S., Changing Course: A Global Business Perspective on Development 
and the Environment, Vol. 1., MIT Press: Cambridge, MA, p. 98, 1992. 

[27] Shaikh, S., Thomas, K., Zuhair, S. & Magalini, F., A cost-benefit analysis of the 
downstream impacts of e-waste recycling in Pakistan. Waste Management, 118, pp. 
302–312, 2020. 

[28] Azapagic, A. & Perdan, S., Indicators of sustainable development for industry: A 
general framework. Process Safety and Environmental Protection, 78(4), pp. 243–
261, 2000. 

[29] Kicherer, A., Schaltegger, S., Tschochohei, H. & Pozo, B.F., Eco-efficiency. 
combining life cycle assessment and life cycle costs via normalization. The 
International Journal of Life Cycle Assessment, 12, pp. 537–543, 2012. 

[30] Lehni, M., Schmidheiny, S. & Stigson, B., Eco-Efficiency: Creating More Value with 
Less Impact, World Business Council for Sustainable Development: Geneva, 2000. 

[31] Olsthoorn, X., Tyteca, D., Wehrmeyer, W. & Wagner, M., Environmental indicators 
for business: A review of the literature and standardisation methods. Journal of 
Cleaner Production, 9(5), pp. 453–463, 2001. 

[32] Bennett, M. & James, P., Environmental performance measurement in business: 
current practice and future trends. International Journal of Business Performance 
Management, 2(1–3), pp. 109–123, 2000. 

524  The Sustainable City XV

 
 www.witpress.com, ISSN 1743-3541 (on-line) 
WIT Transactions on Ecology and the Environment, Vol 253, © 2021 WIT Press



[33] Bianchi, M., Valle, I. & Tapia, C., Measuring eco-efficiency in European regions: 
Evidence from a territorial perspective. Journal of Cleaner Production, 276, 123245, 
2020. 

[34] International Association for Impact Assessment, www.iaia.org/. Accessed on: 24 
Nov. 2020. 

[35] ISO 14045:2012 Environmental Management – Eco-efficiency assessment of product 
systems – Principles, requirements and guidelines. 

[36] ISO 14040:2006 Environmental Management – Life cycle assessment – Principles 
and framework. 

[37] Guinée, J. (ed.), Handbook in Life Cycle Assessment. Operational Guide to the ISO 
Standards, Kluwer Academic: Dordrecht, 2002. 

[38] Niewuwlaar, E. & Cleveland, C.J. (ed.), Life Cycle Assessment and Energy Systems, 
Encyclopedia of Energy, Elsevier, pp. 647–654, 2004. 

[39] Esnouf, A., Latrille, É., Steyer, J.P. & Helias, A., Representativeness of 
environmental impact assessment methods regarding life cycle inventories. Science 
of the Total Environment, 621, pp. 1264–1271, 2018. 

[40] Karaeva, A., Magaril, E. & Rada, E.C., Improving the approach to efficiency 
assessment of investment projects in the energy sector. WIT Transactions on Ecology 
and the Environment, vol. 246, WIT Press: Southampton and Boston, pp. 113–123, 
2020. 

The Sustainable City XV  525

 
 www.witpress.com, ISSN 1743-3541 (on-line) 
WIT Transactions on Ecology and the Environment, Vol 253, © 2021 WIT Press




