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* Correspondence: ksenija.dencic-mihajlov@eknfak.ni.ac.rs; Tel.: +381-63-473-606

Received: 8 September 2020; Accepted: 24 September 2020; Published: 27 September 2020 ����������
�������

Abstract: Modern consumer society uses an increasing number of products to meet its needs,
which become waste after use, thus posing a serious problem that threatens sustainable development.
Investment in waste recycling, due to a high level of non-financial benefits, is considered sustainable,
especially in the End-of-life Vehicles (ELV) and Waste Electrical and Electronic Equipment (WEEE)
recycling areas. The research objective of this paper is to test the sensitivity of the model for sustainable
management of recycling projects by applying a cost-benefit analysis (CBA) to investment projects of
car and refrigerator recycling in the Republic of Serbia. By testing the key risk factors of the above
investment projects within the sensitivity analysis, the main aim is to determine the critical value
of these variables in terms of the financial and social acceptability of these investment alternatives.
The results obtained indicate that state subsidies have the greatest influence on defining the model
of sustainable investment, especially in the field of e-waste recycling. The impact of other factors,
the price of secondary raw materials and the social cost of CO2 emissions, is significantly smaller,
but should certainly be taken into account when defining the optimal model of sustainable investment.

Keywords: sustainable investments; cost-benefit analysis; recycling; ELV; WEEE

1. Introduction

According to the Social Investment Forum [1], socially responsible investment (SRI) is an
investment process that takes into account both the positive and negative consequences of the
investment on society and the environment in the context of rigorous financial analysis. SRI is the
business practice of including social and environmental goals in investment decisions [2]. According
to Desmadryl [3], SRI is considered sustainable and responsible behavior as it respects the triple
bottom line (TBL) concept (people, planet, and profit). In addition to economic indicators, sustainable
investment takes into account equally important indicators concerning society and the environment,
so that at the same time it takes into account the TBL concept initially introduced by Elkington [4].
That is why SRI around the world has recorded significant growth in recent years, both in relative
and absolute terms [5–7]. As Palma-Ruiz et al. indicate, the COVID-19 pandemic environment has
additionally stressed the need for the development of corporate social responsibility practices and
SRI as a competitive strategy in times of upheaval [8]. Recycling, as a process of processing and
reuse of used products with the aim of reducing the harmful effects on the environment and excessive
consumption of natural resources, at the same time ensures a sustainable business future. Investment
in recycling in a broader socio-economic context can be considered sustainable business behavior that
generates a wide range of both financial and non-financial benefits.
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The objective of the paper is to create an optimal investment package in the field of product
recycling with special emphasis on the End-of-Life Vehicles (ELV) and Waste Electrical and Electronic
Equipment (WEEE) recycling. The aim is to use a cost-benefit analysis (CBA) and sensitivity analysis,
to examine the rationality of using subsidies for recycling these two groups of waste in the Republic of
Serbia. The contributions of the paper are twofold. Firstly, to the best of our knowledge, this is the first
attempt of a comparative analysis of a set of critical factors that determine the financial and economic
efficiency of two waste streams recycling in one developing country. This evidence is relevant to
decisions aiming at improving the effectiveness of environmental policymakers as well as management
in the recycling industry. The main contribution of the paper is applicable to the Republic of Serbia but
is relevant to other developing market contexts. Secondly, to be able to better respond to the challenges
of sustainable development in the future, we indicate that firms operating in the recycling industry have
to identify the significance of the impact of the state subsidies, the price of secondary raw materials,
and the social cost of CO2 emissions, and accordingly, to choose the types of strategies that will ensure
greater resistance to the uncertainties in these factors and faster recovery if risk situations occur.

Given that the number of cars in the world is increasing every day and that it is estimated
that the total number of vehicles produced in the world in 2020 will reach 80 million [9], the issue
of their recycling is essential from the aspect of sustainable development. About 5% of the total
generated industrial waste comes from ELV recycling [10], which is also a significant source of raw
materials and further emphasizes the importance of proper treatment of used cars. On the other hand,
WEEE is one of the fastest-growing waste streams in the world, with an average annual growth rate
of 3–5% [11]. About 50 million tons of this waste is generated annually [12], which at the same time
occupies an increasing part of the daily generated household waste. Modern business conditions and
the accelerated development of science and technology significantly shorten the lifespan of modern
e-products, which become obsolete in a very short time, not so much physically as technologically [13].
All this further highlights the problem of waste management in developed countries, where the
waste management system has already been implemented, and especially in less developed countries,
where this process is currently taking place [14].

Taking into account all the above, creating an optimal model for sustainable management of
recycling projects for these types of products is a serious challenge. Since the recycling process brings a
large amount of both financial and non-financial benefits, it is appropriate to apply the cost-benefit
analysis in order to examine all the potential of this process. In order to present the process of designing
sustainable investment in the Republic of Serbia as comprehensively as possible, we perform a case
study of companies dealing with the WEEE recycling process on the one hand, and ELV recycling on the
other. Taking into account the similarities, as well as the essential differences in the treatment of these
used products, by applying the CBA we determine the degree of acceptability of these investments
both from the aspect of investors and from the aspect of society as a whole. The results obtained are
further tested using the sensitivity analysis, in order to determine the correlation of CBA parameters
and changes in key risk factors, as the main research objective.

In accordance with the research objective and aim, the paper is structured as follows: after
the literature review in the second part of the paper, the third part identifies the project business
environment, defines ELV and WEEE recycling projects, and describes the research method. In part
four, the main research results are presented, along with a discussion of the data obtained. Finally,
the concluding considerations identify the key contributions of the paper, the potential research
limitations, and the guidelines for future research.

2. Literature Review

Given the high intensity of waste generation in the areas of ELV and WEEE, the recycling of these
products is the research objective a large number of authors deal with. A comparative overview of waste
management systems in the field of ELV and WEEE is not such a common topic, but Rosa and Teresi [15]
engage in this field. This paper points to the growing importance of the recycling process of these two
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groups of products since they are a significant source of raw materials, so the introduction of an adequate
waste management system is a necessity in every society. Andersson et al. [16] look at the waste
management system in the field of recycling of these products from a socio-technological perspective.

ELV recycling is of considerable interest to a large number of authors as end-of-life vehicles are a
growing problem for every society in the world. Karagoz et al. [17] systematically present a review of
a total of 232 studies dealing with this specific area in the period 2000–2019, noting that the managerial
perspective is the primary focus of most studies. The sustainability of ELV recycling, apart from the
economic aspect, is also studied from numerous other aspects—technological, sociological, regulatory,
environmental, climate, and the like [18–24].

The concept of Integrated Solid Waste Management (ISWM), established in developed countries
in the 1990s, seeks to strike a balance between three dimensions of this process: environmental
effectiveness, social acceptability, and economic affordability [25]. However, academic research on
waste management commonly includes the economic aspects of the CBA, to a lesser extent the
environmental aspects of the CBA, and very few social aspects of the CBA [26] (p. 469).

In the field of WEEE, one of the biggest challenges is the creation of an optimal package of financial
support from the state, which is essential for maintaining the continuity of the e-waste recycling process.
Research in China [27,28] indicates potential problems that arise when official recycling centers do not
have sufficient financial support from the state. In such conditions, most of the daily generated e-waste
ends up in illegal recycling centers where it is recycled in conditions that are not in accordance with
the basic principles of environmental protection. In this context, Lui et al. [27] point to the essential
role of subsidies in the recycling of WEEE, especially refrigerators, and test the switching values of this
parameter in terms of profitability of the whole process. Their results show that “the use of subsidies
can increase the acquisition quantity of used products in the formal sector, but the increase will slow
down with higher subsidy” [27].

Some studies address the environmental effects of WEEE recycling. The authors [29,30] prove a positive
impact of WEEE recycling on ecology, with special emphasis on this effect and economic savings or profits
in the circular economy model as a paradigm of sustainability [31,32]. Xue and Xu [33] find that, apart from
environmental performance, economic feasibility is always taken into account when evaluating electronic
waste management activities. They conclude that “the economic evaluation, cost-benefit analysis, or life
cycle cost (LCC) combined with life cycle assessment (LCA) could give a comprehensive conclusion”.

In the course of analysis, a large number of authors opt for the application of CBA, since it takes
into account all benefits and costs in these projects. One of the main sources in this area is the 2014–2020
European guide for the implementation of CBA since the European Commission recommends applying
this analysis when analyzing projects in the field of recycling [34]. In the field of CBA of ELV recycling,
authors often point out that the car market has a large number of vehicles that are close to the recycling
phase, most of them not going through legal recycling flows [35]. Furthermore, some indicate the high
importance of subsidies although the profitability of the whole process is satisfactory [36]. Some authors
suggest different subsidy rates according to the area of treatment in order to improve the use of stored
material from untreated ELVs [37]. In addition to government subsidies, value-added tax and a
deposit-refund system are included in the CBA [38]. Due to the complexity of used car components
and their individual impact on recycling sustainability, some authors, for example, analyze the range
of CBA of ELV glazing recycling [39].

Similarly, especially due to the fact that WEEE includes a large number of different devices,
some authors opt for CBA applicability in one or several e-devices. For example, Gurita and Bongaerts [40]
investigate the issues of CBA of mobile phone and smart phone recycling. Zadmehr et al. [41] prove the
cost-effectiveness of WEEE recycling by applying CBA on the example of one city.

Sensitivity analysis, as an integral part of CBA, is also used in other papers dealing with WEEE
treatment. For example, Rigamonoti et al. [42] apply sensitivity analysis to the WEEE life cycle
(Life-Cycle-Assessment) and its impact on the environment. They specifically analyze the treatment
of five groups of e-products, including a group of large household appliances, such as refrigerators.
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The sensitivity analysis tests how different sets of so-called characterization factors in metals affect
the final results of the analysis, that is, the impact on the environment. D’Adamo et al. [43] also
apply sensitivity analysis, focusing on the recycling of waste printed circuit boards (WPCB) from
different groups of e-devices. They test the profitability of this investment using sensitivity analysis
and addressing changes in key risk factors related to stock market prices of metals that occur as a
product of the recycling process.

Wan et al. [44] apply sensitivity analysis in the field of ELV and indicate the high importance of
state subsidies in the field of ELV recycling, which will be the basis for a comparative analysis of the
research results in this paper. They apply sensitivity analysis to car recycling and analyze the impact of
the number of state subsidies on the volume of recycling and its profitability. Taking into account the
costs of procurement, treatment, and transportation of used cars, Wan et al. [44] point to the need to
further stimulate financially this process. They test the optimal amount of financial support by using
sensitivity analysis. Zhou et al. [45] also use sensitivity analysis in the field of ELV recycling, to test
different combinations of critical parameters, that is, establish the potential scenario and analyze the
results obtained.

3. Materials and Methods

3.1. Socio-Economic and Institutional Environment in the Republic of Serbia

The development of the recycling industry today is a necessity for both developed and less
developed and developing countries like the Republic of Serbia. Modern business conditions have
imposed the need to dispose of large amounts of generated waste, since the current business model in
the world still dominantly relies on the linear concept, while the development of circular models is still
in its infancy. In transition economies, due to the low living standard of the population, the purchase
of new products is symbolic, so that a large part of the products in use is very close to or at the very
end of the useful life, especially in the field of e-products and cars.

In this regard, there is a significant raw material base and great potential for the development of
the recycling industry in the Republic of Serbia. According to the official data of the Environmental
Protection Agency, the import of various types of e-products is stable over the years, and in the
period 2013–2018 ranged from 9199.82 t to 12,643.60 t. On the other hand, car import records a slight
increase, so that in the period 2013–2018 the imported cars varied between 75,040.92 t and as much
as 282,709.20 t [46] (p. 34). Data on worn-out products ready for the recycling process is far more
important for the recycling industry, but there are certain problems in this segment. Specifically,
the sphere of used cars in the Republic of Serbia lacks adequate data on deregistered vehicles, as the
basis for determining the potential number of ELVs. Therefore, for the purposes of this analysis,
we use a stock projection method, based on statistical data on the total number of registered and newly
registered vehicles [47]. Some authors also use the Delphi method for calculating the amount of ELV
generated. The application of this method showed that the quantity of ELV generated in the period
2006–2014 in the Republic of Serbia ranges between 33,685 kg and 110,744 kg [48] (pp. 117–119).

Despite the fact that the level of non-financial reporting in Serbia is still low [49], in the field of
WEEE recycling, the quantity of products recycled during the year is available, since all companies
submit accurate reports, as the basis for obtaining government incentives. These reports are periodically
published by the Environmental Protection Agency, and in the period 2011–2018, the quantity of
recycled e-products ranged between 7084 t and even 37,004 t, with the maximum volume of recycling
reached in 2016 [46] (p. 35). The above data clearly indicates that the Republic of Serbia has a significant
raw material base for the development of the recycling industry in the field of ELV and WEEE. This will
be essential in defining the basic parameters related to the scope of recycling of regional centers for
the treatment of these types of waste, which will later be the subject first of CBA, and then sensitivity
analysis, in order to determine the optimal model for sustainable investment.
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The legislative framework in the field of waste management of the Republic of Serbia relies on
two systemic laws, the Law on Waste Management, the Law on Environmental Protection, and a large
number of other bylaws. From the aspect of recycling products that after use become special waste
streams, which include used vehicles and e-waste, two rulebooks are especially important. Positive
regulations in the field of waste management provide recycling companies with additional financial
incentives, which are regulated by the rulebook on harmonized amounts of incentives for reuse,
recycling, and the use of certain types of waste [50]. On the other hand, all importers and producers of
these products are obliged to pay a fee when placing them on the market, which is regulated by the
rulebook on harmonized amounts of fees for the management of special waste streams [51]. These two
rulebooks are especially important when defining the total amount of incentives that each recycling
company receives for the treatment of certain products.

3.2. Defining ELV and WEEE Recycling Projects

In order to perform the CBA of the above investment projects, it is first necessary to perform
investment analysis, define sources of financing, determine the appropriate discount rate, and finally
make a projection of income and expenditure of projects. Both projects are observed over a period
of 10 years. The first two years are reserved for the acquisition of equipment and installation, and in
the next period cash flows are discounted and CBA parameters are calculated. A financial CBA is
followed by a socio-economic CBA, and finally, a sensitivity analysis is performed in accordance with
the identified risk factors. The research follows the methodology of the European Commission for the
2014–2020 program period [34].

Transport costs in the field of recycling play a significant role, so the development of this industry
in each country requires larger recycling centers within each region since the centralized deployment
of these plants prevents optimal use of resources and maximizing benefits. The structure of investment
in these two projects is determined by the recycling needs of these types of products in the region
of Southern and Eastern Serbia. Based on the data on recycling in the report of the Environmental
Protection Agency [46], and data of recycling companies in the Republic of Serbia, we can define
the investment structure for regional recycling centers in the region of southern and eastern Serbia.
The structure of investment performed in the first two years in these investment projects is shown in
Table 1.

Table 1. Structure of investment (€).

Investments ELV Recycling Center WEEE Recycling Center

Facilities 160,000 1,120,000

Equipment 669,000 2,249,000

Land 10,000 30,000

Feasibility study 1000 1000

Permanent working capital 118,000 141,000

Total 958,000 3,541,000

The amount of investment in a WEEE recycling center is higher, as the process of recycling these
types of products is more complex and requires the engagement of more expensive equipment. In order
to ensure the comparability of these two investment projects, the volume of recycling is defined at
the level of 8000 t per year for both recycling centers, so that the costs and benefits of the recycling
process will be analyzed on the same sample of used products. In addition to investment in fixed
assets, it is important to point out that for the normal functioning of the recycling process, a certain
amount of permanent working capital is necessary to include in the total investment. Unlike the
car group, which is quite homogeneous, the WEEE group consists of as many as 10 categories [52]
(Annex I). Due to the complexity of the comparative analysis of the entire WEEE group, here we
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opt for refrigerator recycling. This group is especially important from the aspect of generating a
high amount of socio-economic benefits, since it contains a high amount of harmful gases, making
it suitable for analysis. In addition, it is necessary to define the revenue structure for a recycling
volume of 8000 t. Considering that the average weight of a vehicle is around 800 kg [53,54], while
the average weight of a refrigerator is 54 kg [55], this requires a recycling volume of 10,000 cars or
148,148 units of refrigerators per year. All revenues can be divided into one part related to the sale of
secondary raw materials (Tables 2 and 3) and another part, which includes state subsidies for recycling
(revenues from sale of secondary raw materials are presented in Tables S1, S3, S5 and S7, please see in
Supplementary Materials).

Table 2. Revenues from the sale of secondary raw materials: the case of ELV recycling.

Secondary
Raw Materials

Quantity Per
ELV (t) 1

Recyclability
90% (t)

Price €/t
Revenue (€)

Per ELV For 10.000 ELVs

Iron 0.626 0.563 226 127.33 1,273,284

Aluminum 0.041 0.037 1270 46.75 467,487

Copper 0.008 0.007 5100 36.72 367,200

Tires 0.026 0.023 40 0.93 9324

Batteries 0.010 0.009 800 7.2 72,000

Total 218.93 2,189,295
1 [53,54].

Table 3. Revenues from the sale of secondary raw materials: the case of WEEE recycling.

Secondary
Raw Materials

Quantity Per
Refrigerator (kg) 1 After Grinding (kg) Price €/t

Revenue (€)

Per
Refrigerator

For 148,148
Refrigerators

Iron 34.20 17.62 226 3.98 589,943

Aluminum 2.25 1.09 1270 1.38 205,081

Copper 0.31 0.09 5100 0.46 68,000

Stainless steel 0.01 0.01 975 0.01 1445

Plastic 6.83 3.33 320 1.07 157,866

Total 6.90 1,022,335
1 [55].

As the previous tables show, only secondary raw materials that have a higher share in products
subject to recycling are taken into account in the revenue structure. Also, due to the more complex and
expensive process of refrigerator recycling, there are certain losses of the substance after the grinding
process in special chambers without the presence of oxygen.

As a result of the specifics of the recycling process and the very complex treatment of e-waste,
in particular, the profitability of this process largely depends on external support in the form of
subsidies. In the case of car recycling, this amount of state support is symbolic, while in the field of
refrigerator recycling it is significant and in the revenue structure of these companies, it reaches as
much as 70% [56] (p. 195). Recycling subsidies are defined by the rulebook on harmonized amounts of
incentives for reuse, recycling, and use of certain types of waste [50], but, in practice, it happens that the
state pays recycling companies lower amounts than those guaranteed by the rulebook, with deviations
in payment dynamics. That is why recycling subsidies have been identified as one of the key risk
factors in terms of recycling industry development in the Republic of Serbia [56]. With this in mind, it is
more rational to take the amount of fees paid when placing e-products on the market as the amount
of incentives, which is defined by the rulebook on harmonized amounts of fees for the management
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of special waste streams [51]. Part of the revenue from car recycling can also be generated through
the sale of car parts for reuse, as one of the principles of the recycling process is to reuse all items
wherever possible.

After outlining income, the CBA requires the definition of the current expenses that occur during
the recycling process. As Table 4 shows, the WEEE recycling process requires more significant electricity
consumption as well as the use of special gases, such as nitrogen. Unlike secondary raw materials
in ELV recycling that do not require special treatment, in WEEE or refrigerator recycling, it is very
important to collect all the freon contained in refrigeration equipment, store it adequately, and forward
it for further treatment abroad. The project expenses are presented in project income statement (please
see Tables S1, S3, S5 and S7 in Supplementary Materials.

Table 4. Expense structure.

Expense Structure ELV Recycling (€) Refrigerator Recycling (€)

Costs of direct material 1,420,000 1,694,915

Labor costs (gross) 154,800 309,600

Costs of investment maintenance 100,000 110,000–130,000

Fuel and lubricant costs 140,000 100,000

Transport, forwarding, and radiology costs 76,000

Waste disposal costs 1500

Electricity costs 75,000

Costs of gas-nitrogen 30,000

Transport costs 300,000

Freon disposal costs 70,000

Depreciation costs 4000–104,350 28,000–365,350

After defining the amount of initial investment, basic income, and the expenses of recycling
projects, it is required to define the discount rate. The financial analysis does this using the weighted
average cost of capital, which, depending on the relationship between the level of borrowed funds
and own funds, as well as their prices, determines the average price or discount rate. In specific
examples, about 25% of the estimated capital is obtained from own sources of financing, while the rest
within the financial CBA is provided through a subsidized loan. The combination of these two sources
of financing forms the discount rate within ELV recycling at the level of 3.48%, while in the case of
refrigerator recycling this rate is 3.32% [56] (pp. 144–149). After defining the basic parameters, we can
conduct a CBA, in order to examine how the above investment projects behave within a financial
analysis based on the perspective of investors, and then within a socio-economic analysis to determine
the contribution of these projects to the benefits for society as a whole.

The European Commission has established a unique methodology according to which all
investment projects are tested. The objective of CBA in the past has usually been large infrastructure
projects whose investor was most often the state. In the last guide for the implementation of CBA,
in addition to these infrastructure projects, projects in the field of waste management or recycling
are also included, and a special chapter is dedicated to them [34] (pp. 158–170). All projects that
are the subject of the CBA go through the same procedure that first determines the socio-economic
and institutional environment, followed by the definition of objectives and project identification.
For projects in the field of recycling, the basic goals are usually defined as the reduction of pollution,
savings in energy consumption and use of raw materials, and others. Before moving on to the financial
and socio-economic analysis that is the most important part of the CBA, projects must first go through
a phase of technical feasibility and environmental sustainability. An integral part of the CBA analysis
is risk assessment through sensitivity analysis, which is especially important here due to the definition
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of the optimal model for sustainable investment management. In the process of the sensitivity analysis,
we first identify the key risk factors, test their impact on CBA parameters, and finally establish a model
for sustainable financing.

4. Results and Discussion

4.1. Financial Cost-Benefit Analysis

In accordance with the EU methodology related to the implementation of CBA in investment
projects, we first perform financial analysis and later make certain adjustments to the model in order to
conduct a socio-economic analysis. Financial Net Present Value (FNPV) is a discount method used in
CBA to determine the current value of all future cash flows generated by a project, including the initial
capital investment, such as in Equation (1):

FNPV =
∑n

t=0

NCFt

(1 + r)t , (1)

where NCFt is net cash inflow-outflows during a single period t; r is the discount rate; t is the number
of time periods.

The Financial Internal Rate of Return on investment (FRR) is defined as the discount rate that
produces a zero FNPV. It is calculated as a solution to the following Equation (2):

0 =
∑n

t=0

NCFt

(1 + FRR)t , (2)

Having identified investment projects, sources of financing, cost and revenue structure, and calculated
the discount rate, we calculate the CBA criteria (Table 5). Financial CBA criteria calculation is based on
economic flow for both projects (please see Tables S2 and S4 in Supplementary Materials).

Table 5. Financial CBA criteria.

Elements ELV Recycling Center Refrigerator Recycling

Present value of project benefits 17,855,866 € 27,967,426 €

Present value of projects costs 16,687,116 € 27,695,291 €

Financial net present value (FNPV) 1,168,750 € 272,135 €

Financial internal rate of return (FRR) 22.34% 4.60%

Benefits/costs ratio (B/C) 1.070 1.010

The financial CBA has unequivocally indicated the acceptability of both investment projects from
an investor perspective. Specifically, all indicators in this analysis are positive and the implementation
of these projects brings investors a profit. Although in both cases the volume of recycling is 8000 t,
we see that the present value of the benefits of the ELV recycling project is lower compared to the value
recorded by another investment project, but the amount of costs is also significantly lower. On the
benefit side, the difference is primarily due to a significant share of subsidies in the revenue structure,
while a significantly higher amount of costs is a result of the very complex and expensive process of
treatment of used refrigerators. If the amounts of FNPV are compared, this advantage goes to car
recycling, since despite the modest amount of subsidies for ELV recycling, the total amount of net
benefits is higher. Since car recycling requires fewer resources, with equipment being cheaper than
refrigerator recycling, it has the obvious advantage of comparing financial rates of return.
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4.2. Socio-Economic Analysis

In accordance with the official guide of the European Commission for the 2014–2020 program period,
for the transition from financial to socio-economic analysis, the following adjustments are made:

• Fiscal corrections;
• Conversion from market to shadow prices;
• Evaluation of non-market benefits [34] (p. 54).

Fiscal adjustments refer to the exclusion of all types of taxes, subsidies, and other fiscal expenditures,
both on the benefit and on the cost side. The main reason for this lies in the fact that all fiscal levies
and incentives do not create new value, but only redistribute existing ones. In the above investment
projects, the adjustments will mostly include costs of salaries expressed in the net amount within this
analysis, the subsidized loan will be replaced by the more expensive commercial loan, while the most
significant adjustment will be on the income side by eliminating recycling subsidies. The latter is
mostly reflected in the refrigerator recycling project since these subsidies make up the majority of the
revenue structure.

Conversion from market to shadow prices allows quantities taken from less developed markets
to be replaced by those coming from more competitive markets. In this part, the most significant
adjustment tackles labor costs, so this will significantly increase these expenses, and thus the total costs.

The most important adjustment in investment projects in the field of recycling is related to
non-financial benefits, as they need to be translated into monetary units, and thus, included in the
analysis. At the same time, this is the biggest challenge in this analysis, since most of the benefits of
recycling projects are manifested through non-financial benefits, which are not as transparent as the
financial benefits.

The recycling process achieves multiple benefits for society on several grounds. First of all,
there are significant energy benefits, since the production of iron and aluminum products use much
less energy when recycled raw materials are used than when ores from primary production are used
as inputs. Research has shown that when recycling scrap iron per ton of metal, there are savings in
the emission of 1.69 t of CO2 gas, or 17.7 GJ of energy, while recycling aluminum per ton saves a total
of 9.5 t of CO2 or 86.2 GJ of energy [57] (pp. 2448–2449). In order to express energy savings through
CO2 emissions, for easier quantification, we assume that about 70% of electricity in the Republic of
Serbia comes from burning coal [58], which indirectly creates additional CO2 emissions. The European
Commission estimates that each KWh produced in thermal power plants releases about 95 kg of
CO2 [34] (p. 168). It prescribes a social emission cost value of CO2e (1 kg CO2 = 1 kg CO2e) at the
level of 34 €/t during 2020 in order to constantly increase this value by 1 €/t each year until 2030 to
compensate increased pollution [34] (p. 63). Quantification of all benefits in car recycling is shown in
Table 6. Energy savings and CO2 emission savings are presented in Tables S5 and S7, please see in
Supplementary Materials.

Since the recycling of refrigerators due to the need to dispose of harmful gases (freon) brings
significant savings to society as a whole, it is now necessary to quantify these benefits using a similar
methodology. Specifically, the recycling of one average refrigerator saves in the emission of harmful
gases of 0.72 t of CO2 gas, while at the same time it saves approximately 1.5 GJ of energy [59] (pp. 9–10).
The savings in refrigerator recycling are identified in Table 7.
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Table 6. Quantification of savings in CO2 emissions and energy consumption in the process of car recycling.

Elements
CO2 Emissions from Production

(t CO2/t Metal)
Energy Consumption in Metal

Production (GJ/t Metal)

Al Fe Al Fe

Savings per ton of metal 9.5 1.69 86.2 17.7

Savings per vehicle 0.388 1.058 3.525 11.080

For 10.000 vehicles 3886 10,580 35,256 110,802

1 GJ = 277,78 Kwh 9,793,356 30,778,580

1 Kwh = 0.95/1000 t CO2e 9304 29,240

70% of electricity from coal 6513 20,468

1 t CO2 =34 € 132,107 359,700 221,428 695,903

Savings in the emission of
CO2 (€) 491,807

Savings in energy (€) 917,331

Table 7. Quantification of savings in CO2 emissions and energy consumption in the process of
refrigerator recycling.

Elements Savings in Gas Emissions
(t CO2e/Refrigerator Unit)

Savings in Energy
(GJ/Refrigerator Unit)

Savings per unit 0.72 1.5

For 148,148 units 106,667 222,222

1 GJ = 277.78 Kwh 61,728,827

1 Kwh = 0.95/1000 t CO2 58,642

70% of electricity from coal 41,050

1 t CO2 = 34 € 3,626,663 1,395,689

Savings in CO2 (€) 3,626,663

Savings in energy (€) 1,395,689

After the initial adjustments, it is necessary to determine the discount rate at which in this case we
will discount all socio-economic benefits and costs. According to the recommendation of the European
Commission, here we use a social discount rate, defined at the level of 5% [34] (p. 55). Since all adjustments
to the model have been made, it is now possible to move from financial to socio-economic analysis,
that is, from the perspective of investors to the perspective of society as a whole. The basic criteria
of socio-economic analysis (Table 8) are Economic Net Present Value—ENPV (the difference between
discounted total social benefits and costs), and Economic Internal Rate of Return—ERR (the rate that
produces a zero ENPV) (Table 8). Economic CBA criteria calculation is based on socio-economic flow for
both projects (please see Tables S6 and S8 in Supplementary Materials).

A comparative review of indicators in both investment projects leads to the conclusion that the
adjustments made significantly contribute to the increase in both benefits and project costs. However,
the dynamics of benefit growth are more intense, to bring an increase in the economic net present value
(ENPV). Nominal growth of ENPV is more pronounced in refrigerator recycling, but since this increase
comes with higher investments compared to those in the car recycling center, the economic rate of
return is lower, 57%, compared to 113% in ELV recycling, which is in any case above the rate of the
investment criterion. Although there has been a significant increase in labor costs due to the application
of conversion factors, this growth has been depreciated by an even more intense increase in benefits in
the name of significant recycling benefits. This is especially pronounced in the recycling of refrigerators,
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since the very demanding and expensive treatment of these products allows the generation of a huge
amount of benefits for society as a whole, so, from this aspect, this investment is socially justified.

Table 8. Economic CBA criteria.

Elements ELV Recycling Center Refrigerator Recycling Center

Present value of project benefits 26,956,606 € 47,181,611

Present value of projects costs 17,689,819 € 30,822,644

Economic net present value (ENPV) 9,266,787 € 16,358,967

Economic internal rate of return (ERR) 113% 57%

Benefits/costs ratio (B/C) 1.524 1.531

4.3. Sensitivity Analysis—Results and Discussion

Sensitivity analysis is an integral part of the CBA and can be used when testing models for
sustainable investment management in the field of recycling. It enables the identification of the
so-called “critical” variables that have a significant impact on the CBA criteria. Variations of these
variables lead to significant changes in the value of the NPV parameter, but also other CBA parameters.
The testing of these variables is carried out in two phases. We first test how changes in variables,
which at the same time have the highest degree of correlation with the CBA criteria, affect the value of
these criteria. Within the second phase of sensitivity analysis, the so-called switching values of critical
variables are determined, within which projects are acceptable both from the aspect of investors and
from the perspective of society as a whole [34] (pp. 67–68).

The subsidy policy is especially evident in the recycling of refrigerators since state subsidies
make up a significant part of the revenue structure. In addition to these two factors, it is interesting
to determine how the criteria of CBA change in relation to the change in the price of the social cost
of CO2, and what are the limits of change of this parameter while the projects are still acceptable
for implementation. In this regard, sensitivity analysis will go in two directions. We will first test
how changes in the variables identified as critical (sales price of scrap iron, amount of government
subsidies, and social cost of CO2 emissions) affect net present value generation in both financial and
socio-economic analysis. After that, the so-called switching values are determined, that is, we calculate
the maximum amount of changes of critical variables, while the investment project is acceptable
for implementation.

With reference to some models of sensitivity analysis of the authors already cited in the Literature
Review [42–45], we create a model for ELV and refrigerator recycling applicable in the Republic of
Serbia. We test how changes in critical variables lead to changes in the CBA criteria, and what are the
limits of changes in these critical variables at which projects are still acceptable for implementation
(Tables 9 and 10).

Table 9. Sensitivity analysis results.

Variable Initial Value

Scope of Change in the Criteria Values

ELV Recycling Refrigerator Recycling

Change FNPV ENPV FNPV ENPV

The price of scrap
iron 226 €/t −5%/+5% −36%/+36% −5%/+5% −72%/+72% −1%/+1%

The value of state
subsidies 3.16€/t305.23€/t −10%/+10% −1%−+1% Not applicable −600%/+600% Not applicable

Social cost of
CO2 emissions 34 €/t −3%/+3% Not applicable −3%/+3% Not applicable −6%/+6%
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Table 10. Switching values in the sensitivity analysis.

Variable Criteria ELV Recycling Refrigerator Recycling

The price of scrap iron
FNPV −13.89% −6.90%

ENPV Not applicable Not applicable

The value of
state subsidies

FNPV Not applicable −1.67%

ENPV Not applicable Not applicable

Social cost of
CO2 emissions

FNPV Not applicable Not applicable
ENPV −93.89% −46.51%

The stock market price of scrap iron is very sensitive to changes in the world economy, so recycling
companies of low economic strength must adapt to these circumstances without the possibility of
influencing them. The practice has shown that this value can oscillate significantly in a short period of
time, but we take changes to be 5% here. We notice that even such small changes have a significant
impact on the net present value, which is most pronounced within the financial CBA in refrigerator
recycling. The high share of revenues from the sale of scrap iron in the structure of total revenues
from refrigerator recycling causes a change in FNPV of as much as 72% (36% in case of ELV recycling).
Within the socio-economic analysis, the intensity of these changes in FNPV ranges between 1% and 5%,
since within this analysis, most of the revenues related to non-financial benefits from recycling.

State subsidies are a very important factor in terms of the development of the recycling industry
in the Republic of Serbia. Their role is especially emphasized in the recycling of refrigerators since the
sensitivity analysis shows that changes in this factor by 10% lead to changes in FNPV of as much as
600%. On the other hand, in ELV recycling, the impact of this factor is far more modest, since its share
in the structure of total revenues is relatively smaller. Within the socio-economic analysis, due to fiscal
adjustments, the number of subsidies is excluded from investment projects, so in that part, there is no
impact on the CBA criteria.

Other countries have also recognized the importance of the system of the recycling process
subsidizing, so they support this process in accordance with their capabilities. Thus Japan, in the field
of car recycling beginning from 2005, started charging a special fee when buying new cars, which is the
basis for paying incentives to recyclers [60]. This way of financing the recycling process is far fairer
since the fee is paid by persons who generate potential waste—vehicle owners, unlike in the Republic
of Serbia where this fee is paid from the state budget from all taxpayers, regardless of whether they own
a car. Subsidizing the WEEE recycling process has also become a practice in other countries. One of
the leaders, both in terms of technology and e-waste disposal, is China. In 2012, China introduced
financial incentives to recycling companies in the WEEE area, resulting in an intensification of this
process. First, it imposed a fee that all manufacturers and importers of e-products pay into a special
fund, these funds are later transferred to recycling companies according to their performance [61].
The Republic of Serbia faces challenges in this regard since the system of e-waste recycling did not exist
until 2011. The waste that has been stored for years together with used products that are now entering
the recycling process is currently being recycled. That is why the amount of recycled raw materials is
several times higher than the number of products sold on the market [46]. Therefore, a significant part
of subsidies is financed from the budget, and less from the fees charged to producers or importers
of e-products.

Recycling investment projects show their full potential within the economic analysis, where
a special procedure is used to quantify non-financial benefits into financial ones (Tables 6 and 7).
According to the recommendation of the European Commission, a pre-defined initial value of the social
cost of CO2 gas of 34 €/t is used for this procedure, whereby this variable is further increased by 1 €/t
for each subsequent year. In order to get better acquainted with the real potentials that the recycling
process has, we test how changes in the price of this factor affect the parameters, the non-financial
benefits within the economic analysis. Sensitivity analysis shows that changes in the price of the social
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cost of CO2 of 3% cause a change in ENPV within ELV recycling of 3% also, while within refrigerator
recycling, due to higher amount of generated benefits, the intensity of changes is higher and amounts
to as much as 6%.

When defining sustainable investment, it is especially important to identify the so-called switching
values, as they show the extent to which key variables can be changed while still keeping projects
eligible for funding. The determination of the switching value of key variables is given in Table 10.

From the aspect of changes in the price of scrap iron, the ELV recycling project is “more resistant”
to changes in this value compared to other recycling projects. Specifically, this project is eligible for
financing until the price of scrap iron drops by 13.89% as opposed to a reduction of 6.90% in refrigerator
recycling. On the other hand, changes in the number of state subsidies for recycling do not affect the
eligibility of the ELV recycling project, while in the refrigerator recycling project a reduction of this
parameter by more than 1.67% brings this investment into the zone of ineligibility.

The fact that recycling projects carry a high amount of socio-economic benefits is supported by the
result of the sensitivity analysis when testing the price of the social cost of CO2 gas. Specifically, within
the economic analysis, it is possible to reduce this parameter by 93.89%, while the ELV recycling project
is in the zone of eligibility for financing. Testing of this parameter within the refrigerator recycling
project shows a lower degree of tolerance since any reduction in the price of the social cost of CO2 gas
that is above 46.51% is not acceptable from the aspect of project implementation. Although it is unlikely
that the price of the social cost of CO2 gas will decrease in the future, since there is a constant trend of
increasing pollution in the world from year to year. From the investment point of view, it is good to
know the eligibility limits of these projects. Numerous authors identify the socio-economic benefits of
the WEEE recycling process. Among them, Menikpura especially emphasizes the benefits in the form
of savings in CO2 gas emissions, which are the greatest in the case of refrigerator recycling compared
to other e-products that are subject to recycling [62]. Having in mind the significant benefits in the
recycling of refrigerators, it is not surprising that the amount of incentives in the Republic of Serbia for
this group of products is the largest in relation to other categories of e-waste. This has resulted in a
significant increase in the amount of recycled e-products in order to get as close as possible to the level
prescribed by Directive 2012/19/EU [63].

5. Conclusions

Designing an optimal investment package, that enables the desired profitability and satisfies
environmental and social criteria, requires consideration of a large number of factors that affect the
recycling process. By examining the basic characteristics of the car, electrical, and electronic device
(with special reference to refrigerators) recycling in the Republic of Serbia, the paper points out the
key factors that influence business decision-making. Having applied the CBA to specific investment
projects, the values of the analysis criteria are first determined both within the financial and economic
analysis, and later these results are tested through sensitivity analysis.

Although a large number of factors affect the business of recycling companies in this area, the paper
singles out a total of three with the greatest impact on the evaluation criteria. Stock market prices
of secondary raw materials, especially scrap iron, have recorded significant oscillations in the past,
so it is justified to include this factor in the analysis. Since the share of revenues from the sale of
scrap iron is higher in the structure of revenues from refrigerator recycling, it is understandable that
this recycling project is more dependent on changes in this parameter. This is undoubtedly shown
by the sensitivity analysis, since the switching value in the selling price of scrap iron is −6.90% for
refrigerator recycling, compared to −13.89% for car recycling. This actually means that car recycling,
from the aspect of changes in the stock market price of scrap iron, is a more stable project compared to
refrigerator recycling since that project has a higher tolerance threshold on this basis.

Subsidizing the recycling process, as a risk factor that affects the development of this industry is also
addressed in the paper. The paper confirms the generation of a high amount of socio-economic benefits
which justify additional encouragement of this process. The system of subsidizing the recycling process in
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the Republic of Serbia is an important factor that contributes to the development of this industry, especially
if we consider the WEEE area. Sensitivity analysis confirms this since small percentage changes in the
amount of this parameter within the refrigerator recycling project significantly affect the CBA criteria.
This is supported by the fact that the reduction of these subsidies by only 1.67% reduces the refrigerator
recycling project to the limit of acceptability within the financial analysis. Car recycling is, therefore, less
dependent on financial assistance in the form of subsidies, which the sensitivity analysis confirms since
the reduction of this parameter cannot call into question the acceptability of the project.

The most significant contribution of this paper is reflected in pointing out the role of state
subsidies in defining the optimal model of sustainable investment, especially in the field of e-waste
recycling. A significant role of state subsidies is already mentioned in many papers that are dealing
with sustainable investments, but unlike developed countries that have a long tradition in recycling
and stronger institutions, in this particular case, current projects are observed in one post-transitional
ambiance, in a developing country which has a specific business environment itself. Low level of
citizens’ awareness of environmental problems in developing countries further emphasizes the role of
the state even more than it is the case in developed countries. Furthermore, we can consider the role
of the state as crucial in developing countries, since it plays a leading role in the recycling industry
development. On the other hand, due to the high level of human awareness for environmental problems,
lower environmental pressure, and many self-regulated mechanisms for preventing pollution, the state
plays an important, but more supporting role in developed countries.

The state’s role in the form of financial subsidies for the development of the recycling industry
in developing countries can be observed in one wider context. Due to the low level of individuals’
income in developing countries, there is a greater potential for the motivation of all economic actors
to adopt positive environmental norms while gaining financial benefits at the same time. That is the
reason why the amount of recycled e-products has increased more than five times during just five
years in the Republic of Serbia. State support is important in the field of recycling in general, but it is
necessary to distinguish that it is not equally important for both, developing and developed countries.

The significance of the selling price of secondary raw materials as well as the social cost of CO2 gas
emissions is smaller, but the sensitivity analysis indicates that changes in these parameters also have
an evident impact on the CBA criteria. The paper also points out that traditional financial analysis is
not sufficient to evaluate the full effect of the recycling process. Thus, the assessment of these projects
by performing economic analysis is a necessity. Economic policy-makers are partially aware of the
importance of the recycling process, especially in developing countries such as the Republic of Serbia,
where the pressure in the field of waste generation is particularly pronounced. This paper additionally
points out to the creators of economic policy, the necessity of greater investment in this area due to the
generation of a significant amount of socio-economic benefits in both recycling projects. Stronger state
support and generally more stable business conditions would contribute to the development of the
recycling industry in the long run and significantly facilitate the work of managers in companies in
this sector. Financial stability is very important as it enables the liquidity of all economic entities in
the recycling industry and, in the long run, contributes to the continuous improvement of the waste
management system through a gradual increase in the number of recycled products.

The market of the Republic of Serbia is an example of a transition economy, but the conclusion
drawn from the analysis of the recycling process in this area is a good starting point and can be
applied to other developing markets. A serious problem for all developing countries is that there
is a huge imbalance between the necessary amount of funds for the development of the recycling
industry and the real possibilities of those countries meeting these requirements. Specifically, large
and highly developed countries export most of all products that are partially or completely worn out
to less developed countries where they are in use for a very short time and then enter the recycling
cycle. This is especially true for used cars and all types of e-products. In less developed countries,
all these products are recycled in a very short time, which requires significant financial resources in
order to carry out the entire process in accordance with regulations. In this way, highly developed
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countries, although they have much greater financial power, direct these funds to the development
of new products, and highly responsible countries in terms of ecology, export their “waste” to less
developed countries that are not able to adequately bear that pressure on the environment due to lack
of funds.

The key limitations in defining the optimal package of sustainable investment arise from the basic
characteristics of the recycling process. The group of e-devices is very heterogeneous and includes
as many as 10 categories within which there are also many different e-products. This analysis of
sustainable investment relies on the analysis of refrigerators that are only one part of WEEE. A more
comprehensive analysis would provide a more complete picture of recycling, as it would include
more types of e-devices, but at the same time reduce the expressive power of the results thus obtained.
Significant changes are expected in the field of car recycling as well. The current model for recycling in
this paper relies on the traditional construction of vehicles. However, a significant part of the current
car models uses hybrid drive units or are completely transformed into electric models, and they are also
potential vehicles for recycling. At the same time, this means that the share of hazardous substances
such as batteries and other electrical equipment in cars is significantly increasing, which is also a
limitation of the research.

The big challenge in defining the optimal package of investment in recycling lies in the very
definition of worn-out devices that enter the recycling process, both on the ELV side and on the WEEE
side. In order to meet the growing demand, both in terms of number and the specific characteristics
that these devices need to have to meet the increasing demands of customers, this requires certain
changes in the design. In the future, significant changes in the construction of these products are
expected, so traditional materials are replaced by more modern ones, which significantly affects the
structure of potential revenues from the sale of recycled raw materials. Modern tendencies impose the
use of the rare metals that pose a great challenge for both producers and recyclers. The current model
is a good starting point for further improvement, since creating an optimal waste management model
is a major challenge for these two recycling areas.

Finally, one of the important limitations of the study is related to the assumption concerning CO2

pricing. The study has accepted the methodology of evaluation of externality using a CO2-equivalent
unit cost suggested by the EU Commission [34]. This is an important limitation of the study, taking
into account the stochastic character of the CO2 price and the need for determining an adequate price
on GHG emissions for properly assessing the cost of climate change in the project evaluation process
and in setting economic incentives for sustainable development. The use of real options emerges as
one possible direction of future research to deal with the challenges concerning CO2 pricing [64].

Keeping in mind the above limitations, we believe that our future research should be focused on
creating a model of sustainable investment in recycling based on the analysis of not only sufficient
conditions or factors but also the necessary conditions, that is, factors that must exist, as recommended
in many studies of the Necessary Condition Analysis (NCA) [65,66]. The model created in this way
should certainly enable the simultaneous assessment of the direct or indirect effects of both necessary
and sufficient conditions, that is, factors for sustainable investments, using the Partial Least Squares
Structural Equation Modeling logic (PLS-SEM) [67–69]. Finally, the idea of the combined use of
PLS-SEM and NCA as a tool, which should enable researchers to explore and validate hypotheses
following a sufficiency logic, as well as hypotheses drawing on a necessity logic [70] would give a new
contribution to the theory and practice of sustainable investments in recycling.

Supplementary Materials: The following are available online at http://www.mdpi.com/2071-1050/12/19/7995/
s1, Table S1. Projected income statement for Financial CBA for End-of-Life Vehicles recycling center—Data
used for calculation of CBA criteria; Table S2. Economic flow of the project End-of-Life Vehicles recycling
center—Data used for calculation of CBA criteria; Table S3. Projected income statement for refrigerator recycling
center—Data used for calculation of CBA criteria; Table S4. The economic flow of the project refrigerator
recycling—Data used for calculation of CBA criteria; Table S5. Projected income statement for End-of-Life Vehicles
recycling center—Socio-economic CBA—Data used for calculation of CBA criteria; Table S6. The socio-economic
flow of the project ELV recycling—Data used for calculation of CBA criteria; Table S7. Projected income
statement for refrigerator recycling center—Socio-economic CBA—Data used for calculation of CBA criteria;
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Table S8. The socio-economic flow of the project refrigerator recycling—Data used for calculation of CBA criteria.
The sensitivity analysis performed in Tables 9 and 10 in this paper is a product of the application of Excel‘s Goal
Seek analysis to the data from Tables S1–S8.
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49. Knežević, G.; Pavlović, V. CSR reporting practice: Is there room for integration?—Evidence from Serbian
foreign investors. J. East Eur. Manag. Stud. 2019, 24, 280–304. [CrossRef]

50. The Ministry of Environmental Protection of the Republic of Serbia. Pravilnik o u Uskladjenim Iznosima
Podsticajnih Sredstava za Ponovnu Upotrebu, Reciklažu i Korišćenje Odred̄enih Vrsta Otpada [Rules on Harmonized
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