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Abstract

:

The European Union, as a signatory to the Paris Agreement, has approached the action against greenhouse gas (GHG) emissions and climate change quite ambitiously, striving to achieve climate neutrality by 2050. Extension of the European Green Deal policy implementation to the Western Balkans can only increase the chances of the climate neutral agenda. Expectations from Montenegro in the coming period are transposable to other Western Balkans countries as they are urged to start implementing the Paris Agreement by establishing appropriate policies and measures. In this regard, this paper presents the analysis of the financial and economic analysis results of measures to reduce GHG emissions in Montenegro. With this respect, least cost analysis—cost effectiveness analysis and cost–benefit analysis were conducted. The analysis results indicated that due to the thermal power plant reconstruction, increased use of renewable energy sources and measures to increase energy efficiency, the largest reduction in GHG emissions in Montenegro in the next 10 years is expected in the energy sector.
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1. Introduction


One of the most important challenges currently facing the global international community is the combat against climate change. It is expected that all international actors will indeed gather around the goal of keeping global temperature rise well below 2 °C and continue efforts to maintain it at 1.5 °C, meaning that the emission trajectory would have to ensure that global temperature rise remains within safe limits. In the context of global greenhouse gas (GHG) emissions, the share of fossil carbon dioxide, CO2, dominates, and it has been continuously increasing throughout the period 1990–2015, from 32.8 to 49.1 Gt of CO2 equivalent per year, with a total increase in total GHG emissions of about 50%. The world’s largest CO2 emitters are China, the United States, India, the EU28, Russia, and Japan, which together accounted for 51% of the population in 2018, 65% of global gross domestic production, 80% of total global consumption of fossil fuels, and emitted 67.5% of total global fossil CO2 [1]. In the future, more intensive and closer international cooperation will be needed, both in advanced and developing economies. Through a higher level of commitment, countries would be willing to establish explicit carbon prices and gradually reduce fossil fuel subsidies, encouraging a more robust economy, but also creating conditions for climate change improvement. Introducing taxes on carbon or trade systems restraint creates an environment for consumption choice, targeting low-carbon activities, increasing investment in more environmentally friendly technologies.



In terms of reducing GHG emissions, the European Union (EU), which is a signatory to the Paris Agreement, has set ambitious goals, which it seeks to achieve climate neutrality by 2050 [2]. In order to get closer to the EU’s goal of producing net zero CO2 equivalent emissions by 2050, the current target is a 40% reduction by 2030, with a commitment from the European Commission (EC) to explore opportunities to increase to at least 50% by 2030, and whether with additional engagements the figure of 55% can be approached. Given that the implementation of climate change mitigation policies is a global challenge and requires the cooperation of all international partners, launching its flagship economic policy European Green Deal, 2019 [3], the EU will seek to reverse the transition to climate neutrality in favor of modernizing European industry.



Theorists and empiricists in economics are increasingly analyzing the interrelationships between economic growth and global warming. According to the European Environment Agency (EEA), the share of the transport sector was 27% of total GHG emissions in the EU-28 [4] caused by global warming and climate change. It is worrying that despite significant reductions in emissions of air pollutants [5], even the countries that are the seven top carbon emitter economies have failed to significantly reduce carbon emissions [6] because the transport sector (especially road) is dominant and still dependent on fossil fuels. The situation is not better with countries outside Europe either. The transport sector in China has joined the power generation, as well as the steel and iron, industries as one of the major CO2 emission sectors [7]. Transportation contributed to around 13% of India’s energy-related CO2 emissions in 2010, and the dominance of fossil fuels now, and in the future, will pose unique sustainability challenges besides climate change—for GHG emissions, energy security, and air pollution [8]. The transportation sector is one of the largest contributors to air emissions in the USA, both in terms of GHG and air pollutants, and it represents 26% of the total GHG emissions [9].



However, in order to limit the global temperature rise, CO2 and GHG emissions have been the focus of numerous transport studies. Road transport is the largest fuel consumer in the transport sector, while the share of fuel consumption in air transport is growing rapidly. Recent economic and current health crisis consequences and the expansion of global environmental concerns also have a major impact on changes in the air transport system [10]. However, some papers have proven that diesel cars and air transport have the largest contribution in the total cost of GHG emissions (about 98%) [11]. On the other hand, a positive experience is the example of the Netherlands, who managed to take first place on the list of European countries with the lowest average CO2 emissions of new cars [12]. Also, Norway and Sweden, which are known for extremely high taxes on cars and their constant innovation in their calculation, had similar experiences with CO2 reduction [13,14]. France, Austria, and Belgium have introduced the so-called bonus-malus system, which uses CO2 emissions as a reference value for granting bonuses to cleaner vehicles, or additional penalties to cars that emit larger amounts of CO2 [15], while Sweden fosters linear system of annual taxes on CO2 emissions [16]. In parallel, some studies, as a result, have offered methodologies for predicting the cost of GHG emissions in road and air transport [17].



According to the EU’s Six Environment Action Program (2002–2012) [18], waste reduction has been suggested as an urgent priority, with an emphasis on sanitary landfills and waste recovery. Waste management measures are being developed in countries with a pronounced rural population in order to reduce the impact on the environment [19]. The importance of sustainable waste management at the municipal level is emphasized by the impact of the latest pandemic [20]. Some of the latest research has concluded that reducing costs and increasing the efficiency of leading waste treatment policies, reducing waste generation, and focusing on changing agents’ behavior and companies’ decisions at the level of waste production [21] are crucial factors. At the same time, one recent study suggested that GHG emissions can be mitigated reducing waste by the way it is generated [22,23]. A recent study in China has shown that under different municipal solid waste (MSW) management strategies, it is possible to achieve 70.82% emission reductions [24]. In order to affirm sustainable development, it is obvious that the extractive industry must adapt its business to changing demand patterns for oil, natural gas, and coal [25]. Progress is expected along low-carbon pathways in energy, transportation, and construction to combat climate change. It is certain that the share of fossil energy should be reduced in favor of renewable energy sources (RES) in all EU countries [26]. In this regard, the 2030 EU energy strategy set out three key objectives for 2030: to reduce GHG emissions by at least 40% (compared to 1990), to provide at least 27% of final energy from RES, and to achieve a 27% increase in energy efficiency. However, although a long-term increase in the use of environmentally friendly RES is suggested [27], it is to be expected that fossil fuels (especially natural gas as a substitute for coal) will be used for decades. In this regard, the extractive industries are at the center of the climate change challenge. These technologies must support national and international efforts to combat GHG emissions and climate change issues. According to some forecasts, RES could by 2022 provide 30% of total electricity production [28]. On the other hand, subsidies for fossil fuels are significantly higher than subsidies for RES [29]. In the electricity production of China and India, coal still accounts for more than 50% of total production [30] and the construction of about 2400 new coal-fired power plants is planned by 2030 [29]. However, China has reduced its own coal production and limited its exports and is increasingly oriented towards RES, i.e., it is responsible for around half of the global take up of solar PV [31]. Carbon pricing is shifting incentives in electricity production towards natural gas (which is a smaller emitter than coal) and RES. However, according to some considerations, although the EU’s emissions trading scheme (ETS) was the first and most comprehensive in the world, the price for its carbon credits is now too low, so natural gas has not replaced coal to the extent expected [32]. However, the results of certain research, according to which energy technology innovation leads to the transition to a lower-carbon economy, stimulate the development of energy users’ markets [33].



Aldieri et al. gave a valuable econometric analysis of the climate change impact on firms’ productivity considering a sector-based panel dataset for the USA, Japan, and a certain number of European countries over the time span 2002–2014 [34]. Bai et al. showed that at the scale of Kentucky (USA), climate change has a greater impact than land use on water retention, while land-use change has a greater impact on soil retention, nitrogen export, and phosphorus export [35].



Recent research has suggested that stock markets could enhance their role in achieving greener growth, stimulating innovation leading to cleaner manufacturing processes within industries and improve environmental performance with greater lending to forms that are part of the low-carbon economy. On the other hand, acts according to the sustainable economic growth and climate principles should contribute to a greening of bank lending [36]. Economic complexity can be used as an explanatory variable when examining the environmental Kuznets curve. In this regard, one study found that the level of economic complexity, which is related to income inequality [37], is one of the indicators of reducing the level of carbon emissions [38].



The application of cost–benefit analysis (CBA), as an extension of conventional financial analysis, has found its place in externalities that are not easy to calculate, such as environmental quality and human health. However, some studies have addressed the issue of excessive uncertainty regarding climate change, on the one hand, and the application of CBA on the other, where in case of infinitely large uncertainties on the GHG emission reduction side, the use of other techniques is recommended and climate policy analyses need to be interpreted very carefully [39]. Regarding the specific use of CBA, some research has indicated certain uncertainties in the application of this analysis in projects in the transport sector. Among other things, issues are related to the problem of defining unit value of CO2 emissions as well as the estimation of the physical CO2 quantities [40]. Also, one of the studies based on cost-effectiveness (CE) and co-benefit analysis developed an alternative scenario of measures to reduce emissions, in which the optimization (minimization) of costs together affects both air quality and GHG emissions [41]. Additionally, a combined CBA on local air pollution, global climate change, and energy security pointed to the importance of integrating these policies that should simultaneously address these three related issues [42]. Some research has observed that certain long-term climate change strategies affect air quality improvement [43].



CBA in relevant research in the field of climate change has come to the fore, to examine the relationship between social costs and social benefits from potential projects in different sectors, which reduce GHG emissions. Some studies, based on CBA, have focused on evaluation of global mortality as a consequence of climate change. Thus, in a study conducted for over 40 countries using future climate simulations, the median willingness-to-pay of USD 20 (in the case of a moderate CO2 scenario) to USD 39 (in the case of a high CO2 scenario) was calculated to avoid excess risk of mortality caused by a 1-ton increase in CO2 [44]. The same study showed that an additional 35 °C day (−5 °C day), relative to a day at 20 °C, increases the annual all-age mortality rate by 0.4 (0.3) deaths per 100,000. Moreover, there is a significant heterogeneity in the ratio of mortality and temperature depending on the country’s degree of economic development. Some previous research has tried to determine the exact figure of the social cost of carbon, noting that overstated prices could have negative implications for energy policy and for policies on afforestation [45]. Some research has looked at the health implications of policies aimed at combating climate change, proving that measures to reduce GHG emissions often (though not always) imply significant net health benefits [46]. Thus, for example, considering the costs and benefits of walking and cycling programs, one of the studies showed that such programs simultaneously provide the net health benefits and reductions in transport-related carbon emissions. Using a discount rate of 3.5%, the estimated B/C ratio was 11:1 [47]. Furthermore, a systematic review of available studies indicated significant economic savings in health terms from healthy transport interventions, and that in cycling networks, we have a median B/C ratio of 5:1 from infrastructure investments when health benefits are included in the total benefits [48]. However, back in 2011, the WHO pointed out that existing CBA methods often unjustifiably ignore the critical indirect effects of transport projects to health [49]. To limit the temperature rise to 2 °C, the International Energy Agency estimates that about 21% of emission reductions should be provided by transport, and various vehicle trilogies are emerging, whose justification for use is being assessed by applying CBA [50].



Furthermore, the results of research based on the CBA application and assessment of the co-benefits of a sustainable energy policy showed that YOLL (years of life lost) totaling 0.11–0.21 years (41–78 days) per capita or premature deaths totaling 126,507–251,169 will be avoided during 2010–2030 under the RE (renewable energy) plus EEI (energy efficiency improvements) scenario. Due to higher investment B/C ratio ranges from 1.9–2.1 under the EEI scenario, while for the RE scenario it ranges from 7.2–7.9, which suggests that the RE scenario is socially beneficial. Determined net benefit under the RE scenario during the same period was estimated at approximately USD 5972–6893 per person or USD 170–190 per MWh, suggesting that the CBA results show that external benefits involving saved social costs (reduction of CO2 emissions, averted morbidity, and averted mortality) significantly exceed the compliance or investment costs for the RE and EEI [51]. In terms of RE technologies, CBA was used in research to assess the suitability of biofuels policies at the national level. The results confirmed the positive impact of this policy on the quality of the environment, mainly due to the GHG emission reduction [52]. Research conducted for the Greek power generation sector, supported by CBA and multicriteria decision analysis, has confirmed that the highest penetration of RES is the best scenario that has been proven to ensure the best balance between economic, technical, and environmental considerations and the sustainable development power generation sector [53]. Until recently, economic research related to solid waste management analysis ignored the global warming potential (GWP) impacts. However, research that integrates GHG emissions with CBA, as a useful tool for making decisions about on waste to energy (WtE) technology is the best for a particular situation [54]. Other research has indicated the need for the use of electricity and heat from combined heat and power plants from WtE to achieve the full potential of WtE [55].



The CBA conducted in our paper aimed to assess the justification for the implementation of a set of measures to reduce GHG emissions in Montenegro. The analysis was based only on the envisaged measures climate effects, while other effects have not been considered. Thus, final conclusion on the justification, i.e., the rank of individual measures, should be observed only through the prism of effects on climate change, which was the primary goal of our paper. We emphasize that this type of research has never been done in Montenegro, and its importance is unquestionable in terms of filling theoretical and empirical gaps. We believe that the results of this research can have useful implications in the process of defining and differentiating policies and prioritization of measures for reducing GHG emissions in Montenegro.




2. The Status of GHG Emissions in Montenegro


In October 2006, Montenegro became a party included in the UN Framework Convention on Climate Change. The country joined to the Kyoto Protocol on 27 June 2007 as a non-Annex I party and later ratified the Paris Agreement on 20 December 2017. Under the Paris Agreement, Montenegro committed itself to reducing GHG emissions by 30% by 2030 compared to the 1990s, in accordance with the Montenegro Background Report for preparation of updated National Determined Contribution (NDC 2020) [56].



In addition, the Law on Protection against Negative Impacts of Climate Change was adopted in December 2019. The law sets the basis for the establishment of the National System for Monitoring, Reporting, and Verification of GHGs. The law stipulates obligation for development a low-carbon development strategy with an accompanying action plan(s), a definition and elaboration of a measures and projections required for successful functioning of entire implementation of the monitoring mechanism. An update of the greenhouse gas (GHG) emissions inventory for the 2016–2017 period was prepared, applying the new 2006 Intergovernmental Panel on Climate Change (IPPC) methodology, with significantly improved data in the waste and forestry sectors within the 3rd National Communication on Climate Change under auspices of the United Nations Framework Convention on Climate Change (UNFCCC). In October 2019, Montenegro began work on its third Biennial Update Report on Climate Change.



The EU welcomed the initiative of Montenegro in 2020 to introduce legislation to limit the emission of greenhouse gases (GHG), as well as an emission trading scheme for large industrial emitters. According to the Montenegro Background Report for preparation of updated NDC in 2020, total national GHG emissions in 1990 amounted to 5289 kt CO2 eq., which decreased to 1956 kt CO2 eq. in 1995 due to the temporary closure of the thermal power plant in Pljevlja and the economic recession after the dissolution of Yugoslavia. In 2018, total national GHG emissions amounted to 3767 kt CO2 eq., which is 30% below the 1990 emission level [56]. Detailed data on total GHG emissions in Montenegro for the period 1990–2018 are shown in Figure 1.



After the global financial crisis, GHG emissions showed a steady and increasing trend, particularly in the energy and industry sector. According to these data, it is clear that sectors of energy and industry are key to achieve the needed GHG reductions in Montenegro.



Regarding the energy sector, estimates of energy consumption lie between 33 PJ and 36 PJ, while there are forecasts of an increase up to 40 PJ in the five-year period [56]. The transport and residential sectors consume almost 70% of the total final energy. Even though coal occupies the most dominant place in the primary energy balance structure, renewable energy is expected to play the most important role in the further development of the energy mix in Montenegro, as there are plans for expansion of wind and solar energy use.



Emissions in the transport sector accounted for 21.9% emissions of the total national emissions in 2018 [56]. Due to increasing overall mobility trends, the transport emissions have more than doubled in the last three-decade period. Electric vehicles functioning with conventional internal combustion vehicles (with a reduced number of diesel cars) are among solutions to address the issue, with a precondition of a set of elements for electric mobility. Transport sector goals to be achieved are to cause less impact on the environment—GHG emissions and local pollutants, as well as higher employment—and the creation of new (green) jobs.



According to NDC [56], the industrial processes and product use (IPPU) sector accounted for 10% of Montenegro’s total gas emission in 2018, with the metal industry contributing the most compared to other industries. New technology in the aluminum industry’s newly installed plants is characterized by limited emissions, with new investments in this industry having reduced GHG emissions. Also, the disruption of obsolete lines has led to a PFC emission reduction, and further technological improvements are being considered.



Further gas emission reductions can be expected through accurate treatment and disposal of solid waste and waste water treatment. The waste sector contributes the least to gas emission of all sectors in Montenegro. In the last 30 years, waste sector emissions have increased by 39%, while the amount of waste deposited increased only by 16% [56]. In order to reduce waste gas emission, additional efforts are expected to contribute to separate collection of waste, including avoiding the landfilling of waste fractions and the installation of landfill gas recovery systems. The Law on Waste Management is a key legal instrument in the waste sector, as a five-year national waste management plan. The measures applied are aimed at achieving certain target values from the EU negotiation Chapter 27 on the share of biodegradable municipal waste. However, some measures related to wastewater reduction management have little impact on total GHG emissions.



In the future, Montenegro will continue to strive for the establishment of a complete system required to reduce GHG, protect the ozone layer, and adapt to climate change.



In order to apply the model of sustainable economic growth in the Western Balkans, it is necessary to balance economic, social, and environmental aspects of economic growth, by implementing more effective policies and development strategies [57] and cooperation at the international level that includes great responsibility of public institutions for innovation. Significant benefits are expected from financial market regulation favoring low carbon portfolios [58].



Extending the implementation of the European Green Deal policy to the Western Balkans and directing the region towards the goals of climate neutrality in 2030 and 2050, with the EU support, can lead to an acceleration of the region’s transition. As part of the presentation of the Economic and Investment Plan for the Western Balkans (2020) worth EUR 9 billion, adopted by the European Commission, in parallel, the presentation and guidelines for the implementation of the Green Agenda for the Western Balkans entail actions grouped around five pillars: (I) climate action, including decarbonization, energy and mobility; (II) the circular economy, in particular dealing with waste, recycling, sustainable production and resource efficiency; (III) biodiversity, with the aim of protecting and restoring the natural wealth of the region; (IV) combating air, water and soil pollution; and (V) sustainable food systems and rural areas [59].



The Green Agenda, as a paved path that will be jointly adopted by both the EU and the Western Balkans, can only increase the chances of success of the climate-neutral agenda, and identify more economically viable scenarios for rapid reduction of GHG emissions in short period of time. It is of utmost importance that neighboring countries also take effective action for the ecological transition, only in that way will the Green Deal for Europe be fully effective.



The first concrete steps that will follow the signing the Sofia Declaration on a Green Agenda for the Western Balkans on November, 2020 by the Western Balkan Six leaders, will be to stimulate the carbon tax and develop market models for the use of renewable energy sources, as well as the phasing out of coal subsidies [60]. Alignment with the EU Emissions Trading Scheme (EU ETS) will continue and also, in order to steer up promotion of a decarbonization in the Western Balkans region, climate plans with clear measures to reduce GHG emissions are expected to be set up.



Taking into consideration expected membership of Montenegro in the EU in 2025, fulfilling the goals that match with ones proclaimed by the EU Member States towards a low carbon economy will be necessary. Namely, Montenegro, which has not yet become an EU member has to align with EU legislation and strategies in the negotiations Chapter 27—Environment and Climate Change.



Cooperation with the European Environment Agency (EEA), which began more than 20 years ago, is important for the Western Balkans region and all countries have also become an integral part of the European Environment Information and Observation Network (Eionet). From a broader context view, 39 EIONET countries face a common set of environmental challenges, generated from altered/distorted patterns of consumption and production. Through this mechanism, the Western Balkan countries have the opportunity to share environmental information with wider Europe, with the aim of achieving improvement in our common environment.



The Western Balkans region produced almost 100 Mt of CO2 emissions from combustion and fossil fuel processes in 2018 [61], which is almost 3% of EU CO2 emissions in that year (3457 Mt CO2). This total amount is close to that of 1990, although major changes took place during those years, and energy demand varied due to political changes in the countries of the region. Emissions of CO2 in the region during 2018 were 8.7% below 1990 levels.



Montenegro and Serbia produced almost 60% of CO2 emissions in the Western Balkans region in 2018. This contribution is slightly below the contributions of these two countries in 1990. In the same period, the contribution of Bosnia and Herzegovina increased from almost 23% in 1990, to almost 28% in 2018, while Albania with 4.8% and North Macedonia with 8.1% in 2018 reduced contributions compared to their 1990 contributions [61].



What is expected from Montenegro in the coming period, and can be transposed to other Western Balkan countries, is the urgent need to start implementing the Paris Agreement by establishing policies and measures, updating and adapting to climate change, implementing a low-emission development strategy, and starting development of integrated national energy and climate plan.




3. Materials and Methods


In the following part of this paper, the analysis results will be presented, i.e., the assessment of the financial and economic impact of measures to reduce GHG emissions in Montenegro. This analysis was one of the results of expert work on the document Montenegro Background Report for the preparation of updated NDC in 2020 (The updated NDC to be submitted to the Secretariat of United Nations Framework Convention on Climate Change under the Paris Agreement is a rather short document presenting the political commitment to reduce GHG emissions by a certain amount, together with information on national circumstances, the planning process, assumptions, and methodological approaches. The NDC target is based on already existing domestic measures, which have a realistic chance of being implemented and deliver on the expected impacts).



3.1. Methodology and Data


Analysis of the financial and economic impact of measures assessment to reduce GHG emissions in Montenegro was conducted in accordance with the general principles of the reference European methodology (“Guide to Cost-Benefit Analysis of Investment Projects”, European Commission, 2014–2020), using different study documentation, as well as previous authors’ experiences in similar analyzes in different sectors.



In the first part, we performed the analysis and an estimate of the measures’ implementation costs to reduce GHG emissions in Montenegro was made. For this purpose, various relevant sources (laws, strategies, reports, action plans, contracts) were used, as well as relevant national statistics, relevant market data, data obtained directly from the parties involved in individual projects, as well as on the basis of expert author’s assessment.



In second part of the analysis, we performed least cost analysis (LCA), a simpler form of economic analysis, which assesses the proposed measures’ cost-effectiveness by determining the calculation of required investments for reduction of one ton of GHG emissions in Montenegro, for each of the proposed measures. In this regard, LCA—cost-effectiveness analysis implies costs determination of individual GHG emission reduction measures’ implementation (presented in the previous part of this document), as well as the nominal emission reduction projection, estimated in tons, for each measure separately. Based on these values, the cost-effectiveness of investments was calculated, i.e., it is determined the relationship between investments in the individual measures’ implementation and emission reduction amount, which was the result of these measures implementation.



Since the LCAs in this measure’s structure could not provide a complete answer to their individual acceptability, in the third part of the analysis, we opted for cost–benefit analysis which allowed us to quantify the projected GHG emission reductions, put them in relation to the estimated costs of measures implementation, and discount at the beginning of realization.



In general, the main advantage of CBA is that it is easy to understand, as well as the wide possibility of application for various projects, locations, and scales [62]. It is aimed at making decisions on the allocation of scarce resources, when there are more requests for resources and when each use of resources implies opportunity costs, because the same resources cannot be used for other purposes. Although inefficient resource allocation goals may be more policy-relevant in some areas and technical constraints may prevent quantification and monetization of key direct benefits and direct costs of a particular project. CBA is a decision-aiding tool to provide useful information to policy makers [63].



In the CBA part of this paper, the appropriate methodology defined the way of considering the costs and benefits in the process of evaluation of the envisaged measures and it implies the comparison of costs and benefits for each identified measure. After determining the required investments for each measure, as well as the estimated reduction of GHG emissions by measures, it was necessary to determine the benefits per ton of reduced emissions and make appropriate projections of the effects. Finally, in order to estimate the total benefit of each individual measure, the discounting of net effects and benefits–cost ratio were performed. This was followed by cost-effectiveness conclusion on investing in certain measures to reduce GHG emissions in Montenegro, which determined the assessment of their relationship, i.e., the priority.



The economic analysis was done by determining the following dynamic efficiency indicators:




	
Net present value, NPV;



	
Benefit–cost ratio, B/CR.








Net present value (NPV) is an indicator that takes into account time preferences and represents the sum of net effects in the economic life of the project reduced by discounting to the present moment, i.e., at the beginning of the investment.



Benefit–cost ratio (B/CR) indicates how much net benefit can be achieved per unit of cost. It is calculated as the ratio of the discounted sum of all future benefits and the discounted sum of all costs.



Both indicators are based on the assumption of discounting all future benefits and costs at the beginning of the project implementation, at a predetermined discount rate of 5%.



It is important to emphasize that this analysis considered only the benefits of GHG emission reduction in relation to total investments, and it did not consider all other benefits coming from the individual measures’ application. Therefore, this analysis’ results in no way reflect the profitability of individual measures investments, but only show their contribution and mutual relationship in terms of effects, exclusively, from the reduction of GHG emissions. The advantage of this approach is that it allows the selection of measures that bring the greatest economic benefits, while the disadvantage is that the benefits of individual measures include only part of the positive effects that individual measures cause.



In order to better understand, the process of work is displayed in Figure 2.




3.2. Estimation of Implementation Costs and Review of Financing Sources of Envisaged Measures for GHG Emission Reduction


In this part of the paper, we present the cost estimation of emission reduction measures’ implementation for GHG emission reduction in Montenegro. Cost estimation was done individually for each measure, and for this purpose, all available official documentation (laws, strategies, reports, action plans, contracts), relevant market data, and data obtained directly from experts involved in individual projects, as well as on the basis of consultant expert assessments, were taken into consideration.



Concurrently, an analysis of funding sources was performed individually according to each of the proposed measures. Funding sources were identified for those measures for which funds have been provided, while for the identified missing funds, a proposal of an appropriate funding model and method is given for a certain measure. Envisaged sources of financing for the implementation of planned measures to reduce GHG emissions in Montenegro were budgets (from central and local governments and potential environmental funds), EU and other donors grants, private/commercial sector investments, and loans from international financial institutions and commercial banks.



Measures envisaged for the reduction of GHG emissions in Montenegro have been divided into 3 areas: energy—label for measure “E”, IPPU (industrial processes and product use) —label for measure “I”, and waste—label for measure “W”.



Table 1, Table 2 and Table 3 show a recapitulation of the required financial investments and sources of financing for all areas in which GHG emission reduction measures in Montenegro were envisaged.



Recapitulation of estimated total investments for all sectors is shown in Table 4, based on which the total amount of necessary investments required for the implementation of measures to reduce GHG emissions in Montenegro in all sectors was estimated at EUR 2814.33 million.





4. Results


Economic analysis results of the GHG emission reduction measures in Montenegro follow. However, it should be borne in mind that the implementation of these projects achieves a number of positive effects that are not the subject of this analysis (they do not relate to GHG emission reduction), and therefore this analysis is not an analysis of the feasibility of these projects, but it only serves as a mean of adequately comparing the effects of climate change alone with the level of investment.



In order to assess the economic impact of measures to reduce GHG emissions in Montenegro, as already mentioned, LCA—cost effectiveness analysis and CBA were conducted.



4.1. LCA Results—Cost Effectiveness Analysis


A projection of annual amount of emission reductions (Table 5) was prepared for the purpose of LCA, and later the corresponding CBA in order to determine the total amounts of emission reductions for the entire projected period. The total amount of emission reductions according to the envisaged measures in kilo tons (kt), is shown in Figure 3.



Based on the previous table data, it is obvious that the application of measure of ecological refurbishment of the thermal power plant in Pljevlja contributes to the largest quantitative reduction of GHG emissions, followed by these measures: new renewable power plants, energy labeling and ecodesign requirements for energy-related products, and Uniprom KAP: electrolysis cell replacement and overhauling (2020–2024) and ETS (2025–2030). The smallest amounts of GHG emission reductions are provided by the implementation of these measures: financial incentives for citizens/private households (for energy efficiency investments) and establishment and implementation of EE criteria in public tendering.



Establishing the relationships between the measures’ costs of implementation and total GHG emission reductions’ amount and the cost-effectiveness calculation per ton of emission reductions was the next step, which is shown in Table 6 and Figure 4 for greater visibility.



Based on the conducted LCA, it is clear that, except for two regulatory measures, for which no investments are planned and the application of which leads to a reduction of GHG emissions, application of the ecological refurbishment of the thermal power plant in Pljevlja measure achieves the best effects from the aspect of investment efficiency in relation to the total amount of GHG emission reductions. The analysis shows that the GHG emission reduction of 1 ton is based on the investment of about EUR 28 in this measure implementation.



From the further sequence of measures and investment efficiency point of view, measures of financial incentives for citizens/private households (for energy efficiency investment), refurbishment of small hydro power plants (increased EE), and implementation of energy efficiency measures in public municipal companies follow.



Weakest results according to the LCA criteria are achieved by the implementation of measures related to electric cars and increased connection rate to sewage system (target 93% by 2035), primarily due to the large amount of required investments, where the effects are not predominantly climatic.



Established indicators confirm that the LCA is the best method of considering investment’s cost-effectiveness in the case of measures with extremely large differences in the amount of investment.



However, as aforementioned, in addition to certain LCA advantages in certain situations and its simplified application, CBA, i.e., analysis of the ratio of investments and monetized effects of GHG emission reductions allows better understanding of cost-effectiveness investments in measures, and their comparison as it also takes into account the time distribution of costs and benefits.




4.2. CBA Results Per Certain Measure for GHG Emission Reduction


What is common for project implementation in the fields discussed in this document, or for the effects their implementation should lead, is the GHG emissions that lead to climate change. Climate change caused by GHG emissions causes huge long-term risks to human health and life. These detrimental effects cause large cash outflows, and therefore investing in reducing their emissions results in these costs savings. In this way, the economic savings of these investments can be quantified.



The most acceptable method for the economic analysis of these investments is to determine the “damage” that emissions cause by not realizing the project, in emission units, usually in tons. This is not an easy task, because it is necessary to clearly determine the correlation between GHG emissions, as well as the detrimental effects they cause.



In Montenegro, as well as in most of the developed EU countries, no individual research of these values has been done, but there are certain relevant studies and methodologies, which adequately investigated this issue at the EU level, drew certain conclusions and determined GHG values based on the adverse effects they cause. In the past period, numerous studies have been done, as well as studies that have dealt with the analysis of the greenhouse gas emissions costs. Within these documents, an assessment of global damage and social costs from their emission was performed. Global damage potentials were compared with the GWP, which is a key metric used to determine these values.



Climate change is affected by the emissions of many GHGs, but carbon dioxide (CO2) is the primary GHG and most research in this area has been focused on CO2. Within these studies, very detailed analyses were performed, which led to the determination of unit costs of greenhouse gas emissions. These results are presented in Table 7 and will be used in further analysis, noting that their value will not be adjusted for the level of Montenegro. Since these gases emission are a global problem, which affect the entire planet, the recommendation is to use this principle in further evaluations.



According to previously presented data, and taking into account certain variations in the determined levels of these costs, depending on the processor and methodology, their average values were calculated and the average unit value of CO2 emissions of 33 EUR/t was determined, which will be used in the future analysis.



Based on the determined investment costs for the application of individual measures, the projected reductions of gas emissions by measures and the above-mentioned unit values of CO2 emission costs, analyses were performed for each of the analyzed measures. Economic effects of the developed measures were considered annually, for the period of 10 years, from 2021–2030 and discounted using the selected discount rate (in our case 5%) and reduced to a common denominator (expressed in the present value of monetary units). The economic analysis was done by determining the dynamic efficiency indicators —NPV and B/CR (for a measure to be considered economically viable, the following criteria should be met: NPV greater than EUR 0.00; B/C greater than 1).



Based on the performed analyzes, individually, for all proposed measures, a comparative overview of the established economic indicators implementation follows. According to these indicators, certain conclusions can be drawn about the comparative cost-effectiveness of investment implementation of individual measures and the possible priority, i.e., the order of their implementation.



Table 8 provides comparative overview of economic indicators, total benefits, NPV, and B/CR.



Table 9 shows the ranking of each individual measure, according to the established economic indicators of justification of measures to reduce GHG emissions—NPV and B/CR.





5. Conclusions


Energy is a strategic resource for Montenegro as the country is a net importer of liquid and gaseous fossil fuels for energy needs. The energy sector is the largest source of emissions in the country and fossil fuel combustion for heat production and heating is the most significant source of emissions. Major investments from the past few years will continue, especially in the field of renewable energy sources. Some investments will reduce energy consumption and accompanying CO2 emissions, support the reduction of energy costs, etc. Energy development strategies (action plan) have been developed with measures targeted at energy and heating, and increasing energy efficiency. Additional mitigation options have been specified in order to reduce GHG emissions from the energy sector.



Our results suggest that the measure of ecological refurbishment of the thermal power plant Pljevlja has the best economic indicators. This investment realization with the amount which is not high in relative terms compared to other measures, significantly reduces GHG emissions, so the economic effects of this measure are the greatest. In this regard, with this measure the highest individual economic benefits are realized, as well as the net present value of investments but also individual ratio of benefits and costs.



Certain regulatory character measures—development and implementation of energy efficiency regulatory framework in buildings and HFCs in accordance with the Law on Recognition of Amendments to the Montreal Protocol on Substances that Deplete the Ozone Layer have highly ranked indicators of net present value and benefit-cost ratio, for for the simple reason that their implementation does not require special additional investments and certainly their application achieves a certain reduction in GHG emissions. For this reason, these two measures should also have priority in implementation.



In the past few years, major investments have been made in Montenegro in the field of RES, with a tendency to continue (wind farms, small hydro power plant—sHPP, together with the planned investments in SPP). Measures related to new renewable power plants were observed in their entirety during economic analyses, because the data on emission reductions also referred to all projects together that are being implemented within it. For that reason, the obtained indicators cannot reflect the individual significance of each of the projects separately. The overall benefits of applying this measure are highly ranked compared to other measures, although NPV and B/CR are low.



The aforementioned findings also apply to other measures, such as measures related to the development of transmission and distribution power network (decrease of losses) and electric cars, as well as the measure of increasing the connection to the sewage network (target 93% by 2035). These measures also have an extremely high investment value, but effects of their implementation are much more complex. Also, other observed and analyzed measures, to a greater or lesser extent, indicate that their implementation achieves significant environmental and economic effects and that further steps towards their implementation should be continued.



Regarding the transport sector in Montenegro, it can be concluded that currently it is characterized by an increase in the total number of registered vehicles (over 235 thousand in 2018, average age of 16 years), dominant share of road traffic, and a small share of public transport. Acceptance of electro-mobility as a comprehensive socio-technical system implies comprehensive preparation of the country for electric mobility (standards, regulatory frameworks, policies in the energy and environmental sector, established practices, charging infrastructure). Interestingly, our analysis showed a poor ranking for the measure electric cars, as a consequence of the high cost compared to the estimated benefits.



Finally, analyzing absolute changes in GHG emissions in Montenegro in the past, it can be concluded that the main reductions in GHG emissions have been achieved as a result of economic and structural changes in the metal industry. However, due to the reconstruction of the thermal power plant, increased use of renewable energy sources and measures to increase energy efficiency, the largest reduction in the next 10 years is expected in the energy sector. At the same time, the peak of emissions is expected in 2023, after which a downward trend in emissions is expected.



It is certain that achieving the final goal of a carbon neutral economy, which is targeted for 2050, requires further emission reductions. It is still unclear how the increased EU ambition of 50% (or maybe 55%) in 2030 will be divided among EU member states. In that sense, in the forthcoming period, stronger efforts of Montenegro will be needed in supporting the joint efforts of the EU member states.



This research, as well as many others, has certain limitations, some of which can be undoubtedly overcome in the future. One of the limitations having an impact on the analysis results and their comparability concerns the different degrees of data reliability regarding the required investment amount for certain measures to reduce GHG emissions. For some measures, the investment value was determined quite precisely (on the basis of a contract or project), while for others, the investment value was determined on the basis of certain estimates, previous experiences, etc. Thus, for example, it is very possible that the actual investment value for the second measure could deviate from the stated valuation, which could to some extent (though not significantly) affect the analysis results. This is one of the limitations that can be overcome in the future, when the conditions for more precise input determination are met. The second limitation, which is of a methodological nature, concerns the circumstance that the performed CBA was simplified, based only on climatic effects, while all other measures effects have not been considered. Final conclusions on cost-effectiveness, i.e., the rank of individual measures, should be viewed only in the climatic context and not in the context of the overall effects of individual measures, which was the primary goal of this paper. Certainly, difficulties regarding some costs valuation, as well as the discount rate determination issue especially for environmental projects, remain typical methodological CBA limitations, which are intended to be minimized in the case of specific analyses. Although these limitations can hardly be completely eliminated. However, despite aforementioned constraints, the CBA has its place in environmental impact assessment as a useful methodology for multiple alternatives. It may be possible in future to overcome some of these limitations many associate with expected changes in anthropocentric ethics and aggressive economics in favor of the ecocentric ethics paradigms and sustainable economic development.



Our paper creates space for further action in several directions, both in practical implementation of activities/measures for GHG emission reduction, and in further research ambitions on a given topic. As presented in the paper, out of the total planned EUR 2.81 billion, which needs to be allocated for the implementation of all proposed measures, slightly more than half of the necessary funds have been provided so far, i.e., over EUR 1.5 billion. Through the outcomes of the conducted least cost and CBA analyses, the rank of individual measures according to the basic economic indicators of justification was determined.



Further activities should take place in the direction of measures prioritization, their observance in the context of project implementation dynamics and positive short-term results, followed by short- and medium-term results correlation. This could contribute even more concretely to the more efficient measures implementation leading to the GHG emission reduction, and the expected efforts of Montenegro in the coming period, particularly in relation to the EU targets for 2030 and 2050.



Some efforts should be especially focused on measures for which funds have not yet been provided, in order to intensify activities on the appropriate project documentation preparation for obtaining the necessary funds. Key parts of this documentation would certainly be appropriate economic and financial analyses representing continuation and upgrades of the conducted analyses within this paper. Particularly significant activities are to be undertaken in the group of measures, for which funds have not been secured, and which should be financed mostly by the population (electric cars, efficient household appliances, prosumers). An adequate way of educating and informing the population about the advantages and personal interest in these measures implementation is forthcoming, followed by defining an appropriate financing scheme through subsidies and favorable loans.



Further theoretical research can be carried out in the direction of conducting a cluster analysis (using some of the suitable methods) in order to intensify combining of the proposed measures into groups of homogeneous measures that would differ according to the GHG emission total level and emission per capita. The aforementioned is in order to focus on the measures that contribute to the emission most, which could be a good basis for establishing differentiated policies to reduce GHG emissions in relation to certain clusters of measures. A higher level of actions operationalization would require targeting of the individual measures characteristic features included in individual clusters.
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Figure 1. Total greenhouse gas (GHG) emissions in Montenegro for period 1990–2018. 
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Figure 2. Flow chart with the steps of the applied methodologies. 
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Figure 3. Total amount of emission reductions according to envisaged measures for period 2021–2030 (in kt). 
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Figure 4. Cost-effectiveness level—amount of investment per ton of reduction of GHG emissions for envisaged measures. 
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Table 1. Recapitulation of estimated investments and financing sources for the energy sector.
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Measure

	
Amount (mil. EUR)

	
Secured Funds and Financing Sources

	
Unsecured Funds and Potential Financing Sources






	
1E Ecological refurbishment of the thermal power plant in Pljevlja

	
54.45

	
Secured funds 100% (of which commercial sector 100%)

Signed contract on the project realization of the ecological reconstruction of Pljevlja TPP Block I in June 2020 with deadline for the completion in 2023. Contractor: DEC International—Bemax—BB Solar—Permonte consortium.

	
/




	
2E New renewable power plants

	
899.6

	
Secured funds 56% (of which commercial sector contributes 88.86% and credit funds contribute 11.14%

	
Unsecured funds 44% (Potentially: EPCG, EBRD, public–private partnership, loans, citizens, donations)




	
Reconstruction and modernization of Perućica HPP

	
Elektroprivreda Crne Gore (EPCG) and the German development bank KfW signed a loan agreement of EUR 33 mil.

	




	
Reconstruction and modernization of Piva HPP

	
Funding provided from the German development bank KfW loan, with the total value of EUR 12.1 mil.

	




	
Construction of small HPPs

	
Based on

signed concession agreements, 55 sHPP are planned, of which 13 have been completed. Total value EUR 160 mil.

	




	
Construction of Gvozd WPP

	

	
In 2019, an agreement on the joint Gvozd WPP development signed between EPCG and IVICOM, worth EUR 60 mil.




	
Construction of Brajići WPP

	
In 2020, signed contract with the German consortium WPD Brajići, worth EUR 101.3 mil.

	




	
Construction of Briska Gora SPP

	
In 2018, signed contract between EPCG, Fortum, and Sterling & Wilson for SPP construction, capacity of over 250 MW, worth EUR 200 mil.

	




	
Construction Komarnica HPP

	

	
Set preliminary design, Komarnica HPP, worth EUR 246.5 mil.




	
Construction of Velje Brdo SPP

	

	
Tender dossier prepared, worth EUR 75 mil.




	
Production of solar energy by prosumer

	

	
The government of Montenegro announced that subsidies will be allocated to interested individuals for this purpose, worth EUR 11.7 mil.




	
3E District Heating in Pljevlja

	
23

	
Secured funds 14% (of which EPCG contribute 100%)

	
Unsecured funds 86% (potentially: budget of Montenegro, local budget, citizens, donations)




	
This project is only a first step in constructing a complete district heating system. Further extension is needed. There only exist estimates on the investments. Secured funds amounted at EUR 3.2 mil.

	
Unsecured funds amounted at EUR 19.8 mil.




	
4E Development and implementation of energy efficiency regulatory framework in buildings

	
No investments planned

	
/

	
/




	
5E Increased energy efficiency in public buildings

	
55.8

	
Secured funds 100% (of which credit funds contribute 91.40% and donations contribute 8.60%)

At the end of 2019, a loan agreement was signed with representatives of the German development bank KfW for the “Energy Efficiency Program in Public Buildings—Phase III” (EEPPB III), in the amount of EUR 45 mil. A grant agreement was signed for the same program in the amount of EUR 4.8 mil.

	
Unsecured funds 0%




	
6E Financial incentives for citizens/private households (for energy efficiency investments)

	
1.3

	
Secured funds 100% (of which donations contribute 76.92% and budget funds contribute 23.08%)

Budget funds amounting to EUR 300 thousand have been anticipated, covering the implementation and the subsidies to interest rate with commercial banks. The second activity is planned to support the household sector for the implementation of energy efficiency measures through the Western Balkans Residential Green Economy Financing Facility (GEFF) project, which is implemented by the EBRD worth EUR 1 mil.

	
Unsecured funds 0%




	
7E Energy labeling and ecodesign requirements for energy related products

	
138.9

	
Secured funds 0%

	
Unsecured funds 100% (potentially: budget funds)

For the purpose of implementing this measure, a market study was conducted, which included an analysis of devices that will be replaced by certain dynamics in households in Montenegro.




	
8E Establishment and implementation of EE criteria in public tendering

	
No investments planned

	
/

	
/




	
9E Implementation of energy efficiency measures in public municipal companies

	
5.12

	
Secured funds 2% (of which budget funds contribute 8.33% and donations contribute 91.67%)

Donation in the amount EUR 110 thousand from the UNDP and EUR 10 thousand from the budget of Montenegro.

	
Unsecured funds 98% (potentially: local budgets, private investors)

This measure implies the improvement of monitoring and maintenance conditions, as well as investments aimed at improving EE in public enterprises of local government with regard to: public lighting, water supply, and sewerage and other utility services. Total estimated value amounted at EUR 5 mil.




	
10E Development of transmission and distribution power network (decrease of losses)

	
640

	
Secured funds 100% (of which the commercial sector contributes 100%)

CEDIS continuously monitors the level of losses through measurements and analyses. The goal of reducing losses is set by the Energy Development Strategy until 2030, and that is to reduce total losses to the level of 10%, in relation to the electricity consumed by 2025 1.

	
Unsecured funds 0%




	
11E Refurbishment of small hydro power plants (increased EE)

	
3.26

	
Secured funds 100% (of which the commercial sector contributes 100%)

The group of sHPP covered by this measure has been in operation for many years without serious investments that would accompany technological innovations. These are power plants with a total installed capacity of 2.8 MW, as follows:

	-

	
sHPP Podgor—250 kW—in operation since 1937;




	-

	
sHPP Rijeka Mušovića—1.36 MW—in operation since 1950;




	-

	
sHPP Rijeka Crnojevića—754 kW—in operation since 1952;




	-

	
sHPP Šavnik—386 kW—1946




	-

	
sHPP Lijeva Rijeka—50 kW—1947.







	
Unsecured funds 0%




	
1T Electric cars

	
379.2

	
Secured funds 0%

	
Unsecured funds 100% (potentially: citizens, companies, budget funds)

UNECE financed “Program of Measures for Air Pollution Control”, September 2019, which will be the main input for preparation of the Air Quality Management Strategy 2021–2029, under preparation. Projections of electric and hybrid cars’ participation are given based on studies conducted by the Hrvoje Požar Institute on the development of e-mobility in Montenegro, 2019.




	
TOTAL

	
2200.63

	

	








1 Transmission Network Development Plan 2020–2029, Distribution Network Development Plan 2020–2029.
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Table 2. Recapitulation of estimated investments and financing sources in the field of industrial processes and product use (IPPU) 1.
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	Measure
	Amount (mil. EUR)
	Secured Funds and Financing Sources
	Unsecured Funds and Potential Financing Sources





	1l Uniprom KAP: electrolysis cells replacement and overhauling (2020–2024) and ETS (2025–2030)
	26.00
	Secured funds 100% (of which the commercial sector contributes 100%)

This is the only measure in the field of IPPU from the Uniporm KAP company.
	Unsecured funds 0%



	2l Decrease of HFC (hydrofluorocarbons) in accordance with the Law on Recognition of Amendments to the Montreal Protocol on Substances that Deplete the Ozone Layer
	No investments planned
	/
	/



	TOTAL
	26.00
	
	







1 IPPU—Industrial Processes and Product Use.
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Table 3. Recapitulation of estimated investments and financing sources in the field of waste.
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	Measure
	Amount (mil. EUR)
	Secured Funds and Financing Sources
	Unsecured Funds and Potential Financing Sources





	W1 Reduction of bio-waste in municipal waste
	33.8
	Secured funds 0%
	Unsecured funds 100%

Based on data from the National Strategy for Transposition, implementation and enforcement of the EU acquis on environment and climate change, and the study on assessing the need for revision of the strategic master plan for waste management in Montenegro and recommendations for organizing waste management until 2030.



	W2 Increase of connection rate to sewage system (target 93% by 2035)
	553.9
	Secured funds 0%
	Unsecured funds 100%

Cost estimation was made on the basis of information on the settlement’s surface, population density, as well as available data on the current situation and the coverage percentage.



	TOTAL
	587.7
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Table 4. The recapitulation of estimated total investments required for the implementation of measures in all sectors.
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	Sectors
	Amount (mil. EUR)





	Energy
	2200.63



	IPPU
	26.00



	Waste
	587.7



	TOTAL
	2814.33
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Table 5. Projection of annual quantities of GHG emission reductions according to the planned measures for the period 2021–2030 (in kt) 1.
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	Measure
	2021
	2022
	2023
	2024
	2025
	2026
	2027
	2028
	2029
	2030
	Total





	1E Ecological refurbishment of the thermal power plant in Pljevlja
	511
	511
	0
	33
	66
	99
	133
	166
	199
	221
	1938



	2E New renewable power plants
	0
	0
	0
	31
	40
	100
	149
	137
	144
	130
	731



	3E District heating in Pljevlja
	0
	0
	2
	3
	5
	6
	8
	9
	11
	12
	54



	4E Development and implementation of energy efficiency regulatory framework in buildings
	19
	26
	32
	39
	45
	52
	58
	65
	71
	78
	487



	5E Increased energy efficiency in public buildings
	4
	5
	6
	8
	9
	11
	14
	16
	19
	23
	115



	6E Financial incentives for citizens/private households (for energy efficiency investments)
	4
	4
	4
	4
	4
	4
	4
	4
	4
	4
	43



	7E Energy labeling and ecodesign requirements for energy related products
	21
	32
	40
	47
	54
	61
	67
	72
	76
	81
	550



	8E Establishment and implementation of EE criteria in public tendering
	2
	3
	4
	4
	5
	6
	6
	7
	8
	9
	53



	9E Implementation of energy efficiency measures in public municipal companies
	7
	10
	12
	12
	12
	12
	12
	12
	12
	12
	116



	10E Development of transmission and distribution power network (decrease of losses)
	27
	41
	47
	48
	49
	50
	51
	52
	53
	54
	469



	11E Refurbishment of small hydro power plants (increased EE)
	
	5
	10
	10
	10
	10
	10
	10
	10
	10
	86



	1T Electric cars
	1
	1
	2
	2
	3
	4
	7
	11
	16
	23
	70



	1I Uniprom KAP: electrolysis cells replacement and overhauling (2020–2024) and ETS (2025–2030)
	25
	32
	37
	43
	54
	59
	65
	70
	76
	76
	537



	2I Decrease of HFC (hydrofluorocarbons) in accordance with the Law on Recognition of Amendments to the Montreal Protocol on Substances that Deplete the Ozone Layer
	0
	0
	0
	0
	9
	16
	23
	30
	37
	43
	158



	W1 Reduction of bio-waste in municipal waste
	4
	7
	10
	14
	17
	21
	27
	33
	41
	50
	225



	W2 Increase of connection rate to sewage system (target 93% by 2035)
	4
	5
	6
	7
	9
	10
	12
	13
	14
	16
	96







1 All projections are contained in the Montenegro Background Report for the preparation of the updated National Determined Contribution (NDC) in 2020.
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Table 6. Cost-effectiveness calculation of the planned measures’ implementation to reduce GHG emissions in Montenegro—LCA.
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	Measure
	Total 2021–2030 (in kt)
	Investment Cost Estimation (in mil. EUR)
	Cost-Effectiveness (EUR/t)





	1E Ecological refurbishment of the thermal power plant in Pljevlja
	1938
	54.45
	28.09



	2E New renewable power plants
	731
	899.60
	1230.44



	3E District heating in Pljevlja
	54
	23.00
	422.59



	4E Development and implementation of energy efficiency regulatory framework in buildings
	487
	0.00
	0.00



	5E Increased energy efficiency in public buildings
	115
	55.80
	486.06



	6E Financial incentives for citizens/private households (for energy efficiency investments)
	43
	1.30
	30.41



	7E Energy labeling and ecodesign requirements for energy related products
	550
	138.90
	252.62



	8E Establishment and implementation of EE criteria in public tendering
	53
	0.00
	0.00



	9E Implementation of energy efficiency measures in public municipal companies
	116
	5.12
	44.17



	10E Development of transmission and distribution power network (decrease of losses)
	469
	640.00
	1363.97



	11E Refurbishment of small hydro power plants (increased EE)
	86
	3.26
	38.12



	1T Electric cars
	70
	379.20
	5404.33



	1I Uniprom KAP: electrolysis cells replacement and overhauling (2020–2024) and ETS (2025–2030)
	537
	26.00
	48.39



	2I Decrease of HFC (hydrofluorocarbons) in accordance with the Law on Recognition of Amendments to the Montreal Protocol on Substances that Deplete the Ozone Layer
	158
	0.00
	0.00



	W1 Reduction of bio-waste in municipal waste
	225
	33.80
	150.20



	W2 Increase of connection rate to sewage system (target 93% by 2035)
	96
	553.90
	5798.94
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Table 7. Unit value of CO2 emission costs (EUR/t).
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	Gas Type
	World Bank (2017) 1
	Economics, The Open Access (2014) 2
	European Commission (2014) 3
	NCEE (2012) 4
	Average Unit Value





	CO2
	36–72
	23
	10–40
	30
	33







1 “Guidance note on shadow price of carbon and economic analysis”, World Bank, November 2017. 2 “The marginal damage costs of different greenhouse gases”, Stephanie Waldhoff, Economics—The Open Access, October 2014. 3 “Guide to Cost-Benefit analysis of investment projects”; Economic Appraisal Tool for Cohesion Policy 2014–2020, European Commission, December 2014. 4 “Estimating the social costs of non CO2 GHG emissions: CH4 N20”, National Centre for Environmental Economics, February 2012.
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Table 8. Comparative overview of economic indicators by measures for GHG emission reduction in Montenegro.
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	Measure
	Estimated Investment Cost (in mil. EUR)
	Total Benefits (in mil. EUR) 1
	NPV (in mil. EUR)
	B/CR





	1E Ecological refurbishment of the thermal power plant in Pljevlja
	54.45
	63.96
	2.48
	1.05



	2E New renewable power plants
	899.6
	24.12
	−800.02
	0.02



	3E District heating in Pljevlja
	23
	1.79
	−20.14
	0.06



	4E Development and implementation of energy efficiency regulatory framework in buildings
	/
	16.08
	11.75
	N/A



	5E Increased energy efficiency in public buildings
	55.8
	3.79
	−47.94
	0.05



	6E Financial incentives for citizens/private households (for energy efficiency investments)
	1.3
	1.41
	−0.12
	0.9



	7E Energy labeling and ecodesign requirements for energy related products
	138.9
	18.14
	−93.21
	0.13



	8E Establishment and implementation of EE criteria in public tendering
	/
	1.75
	1.28
	N/A



	9E Implementation of energy efficiency measures in public municipal companies
	5.12
	3.83
	−1.85
	0.61



	10E Development of transmission and distribution power network (decrease of losses)
	640
	15.48
	−482.46
	0.02



	11E Refurbishment of small hydro power plants (increased EE)
	3.26
	2.82
	−0.93
	0.69



	1T Electric cars
	379.2
	2.05
	−324.28
	0.004



	1I Uniprom KAP: electrolysis cells replacement and overhauling (2020–2024) and ETS (2025–2030)
	26
	17.73
	−7.01
	0.65



	2I Decrease of HFC (hydrofluorocarbons) in accordance with the Law on Recognition of Amendments to the Montreal Protocol on Substances that Deplete the Ozone Layer
	/
	5.21
	3.49
	N/A



	W1 Reduction of bio-waste in municipal waste
	33.8
	7.43
	−22.07
	0.19



	W2 Increase of connection rate to sewage system (target 93% by 2035)
	553.9
	3.15
	−433.54
	0.01







1 Undiscounted total climate benefits for the period 2021–2030 according to the envisaged measures for reduction of GHG emissions in Montenegro.
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Table 9. Determined rank of individual measures for GHG emission reduction according to basic economic indicators.
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	Measure
	Total Benefits (mil. EUR)
	NPV (in mil. EUR)
	B/CR





	1E Ecological refurbishment of the thermal power plant in Pljevlja
	1
	3
	4



	2E New renewable power plants
	2
	16
	13



	3E District heating in Pljevlja
	14
	9
	11



	4E Development and implementation of energy efficiency regulatory framework in buildings
	5
	1
	1



	5E Increased energy efficiency in public buildings
	10
	11
	12



	6E Financial incentives for citizens/private households (for energy efficiency investments)
	16
	5
	5



	7E Energy labeling and ecodesign requirements for energy related products
	3
	12
	10



	8E Establishment and implementation of EE criteria in public tendering
	15
	4
	1



	9E Implementation of energy efficiency measures in public municipal companies
	9
	7
	8



	10E Development of transmission and distribution power network (decrease of losses)
	6
	15
	13



	11E Refurbishment of small hydro power plants (increased EE)
	12
	6
	6



	1T Electric cars
	13
	13
	16



	1I Uniprom KAP: electrolysis cells replacement and overhauling (2020–2024) and ETS (2025–2030)
	4
	8
	7



	2I Decrease of HFC (hydrofluorocarbons) in accordance with the Law on Recognition of Amendments to the Montreal Protocol on Substances that Deplete the Ozone Layer
	8
	2
	1



	W1 Reduction of bio-waste in municipal waste
	7
	10
	9



	W2 Increase of connection rate to sewage system (target 93% by 2035)
	11
	14
	15
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