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Abstract:

 The principles of well-known indices of sustainability—the Ecological Footprint (EF) and the Environmental Sustainability Index (ESI)—have been compared to discuss the essence of attitude, substantial differences and transferability into urban planning. An overview indicates that ideologically the EF is a more appropriate tool for ecological tasks due to its clear background of natural limits and the ability of “leakage” tracing. Furthermore the European Common Initiative is discussed as it proposes feasible indices monitoring actions towards local sustainability that could be considered in urban planning. Taking two Lithuanian cities as an example, integration of part of one index (regarding municipal solid wastes) into the ecological section of urban planning is presented. It has been estimated that in 10 years an average Lithuanian should generate an amount of municipal solid waste whose ecological impact will be equal to 19,900 kg of CO2-eq in 20 years time. Lastly considering urban planning scope and the EF practice, two opportunities are discussed: (1) tree planting and (2) waste incineration.
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1. Introduction

Sustainability, defined in the proceedings of the Brundtland Commission, motivated experts to search for a way to estimate and assess new ideology, whilst politicians felt concerned about incorporating sustainability into policy and about its practical implementation. Theoretically, sustainability had to be achieved by establishing equilibrium between economics, social development and environment, inter alia avoiding sharp imbalance. However, more than 20 years passed but sustainable development was not realized anywhere [1]. Unsuccessful attempts remain as motivation to keep on trying and thus various methodologies have been developed and numerous different sustainability indices of countries, regions or cities have already been published [2,3]. Obviously, any calculation relies on some prime indicators, but as science develops over time the list of indicators is constantly updated and becoming longer. Whatever the method is, it has a scientific origin and has exponents, but the truth is that not always all results coincide with each other. Hence, there is a plethora of theories but no sustainability.

The European Union is firmly committed to sustainable development; it is a key principle for policies and actions [4]. According to European statistics, “in the European Union, 74% of the total population lives in cities and towns with more than 5000 inhabitants; in other words, only a quarter of all European citizens live in a rural environment” [5]. Therefore, urban sustainability or sustainable cities are supposed to be a kind of expectation for the majority of Europeans. The well-known way of achieving sustainability in cities is simple–an adequate planning policy and its implementation. The problem is that “adequate” implies a large and comprehensive scale; the following must be taken into consideration: economics, social development and the environment. This article is intended to investigate urban planning and sustainability with a slightly different approach. Despite intermingling the above-mentioned issues in the manner of sustainability, the central attention is to be placed only on the environment (ecology), for it is certainly true that the environment has limits while economics and social well-being do not. However, “ecology” itself seems to have a common and self-explanatory definition, yet it is not always able to reveal the content on a specific occasion. Perhaps that is why terms such as “ecological assessment”, “ecological product”, “ecological development” or “ecological city” are realized as a matter of common knowledge. Although ecology may be understood in the way it is defined in the glossary of the European Environment Agency: “The branch of science studying the interactions among living things and their environment” [6], doubts arise only when specialists have to produce a concrete ecological product or choose a more ecological alternative. General knowledge or speculation inevitably leads to nowhere unless we have scientific and unequivocal reasons. Actually, the best solution should not be guessed but documented and legitimated.

This paper focuses on urban planning from the ecological point of view and the article aims to show how ecology practically based on calculations can be incorporated into urban plans. This is done by (1) highlighting how different attitudes can influence results taking as an example only two well-known sustainability indices (i.e., the EF and the ESI); (2) by clarifying what good practice can be transferred into planning; (3) by disputing the 10 European Common Indicators and presenting how part of one of these indicators could be integrated into urban planning. The hope is that a completely estimated set of indicators will give real practical guidance for urban planners.



2. The Ecological Footprint and the Environmental Sustainability Index

At the outset, we should be clear that there are many sustainability indices, for instance, the Well-Being Index, the Index of Sustainable and Economic Welfare, the Innovation Index, the Natural Capital Index etc.; however, many differently named indices take into account the same base data. It is obvious that any calculation requires some primary data and, speaking about sustainability indices, only reliable global information ought to be used. Nevertheless, there is only a small number of available global sustainability datasets as global information can be collected only by large organizations (e.g., the United Nations) and there are not many organizations of that scale. Therefore, if the results reveal disparities this is generally due to different assumptions and/or calculation methods, not the data. Presently, the most common indices for the assessment of sustainability are: the Ecological Footprint and the Environmental Sustainability Index [7,8,9]. Please note, the article does not seek for the most recent information, instead it spotlights the general principles which underlie the indices.

The Ecological Footprint (EF) is a tool used for measuring human demand of resources. The EF is most commonly presented in global hectares. In other words, environmental impact generated by people is recalculated into demanded area: necessary area for extraction of resources, production of goods and absorption of waste is counted. The concept of the calculation of the EF is based upon six assumptions: (1) most of the resources people use and the waste that is generated can be tracked, (2) most of the resource and waste amount can be measured in terms of the biologically productive area, (3) distinct areas can be translated into the common unit of global hectares, (4) demanded area can be calculated by adding areas necessary for resources and waste, (5) demanded area and nature’s potential can be compared, (6) demanded area can vary from supplying area–it means that ecological deficit or ecological overshoot can occur [10,11]. The calculations are substantiated in the basis of current technological possibilities.

The Environmental Sustainability Index was formally presented in 2000, far later than the EF, in Davos, Switzerland (in 2006 in place of the ESI the Environmental Performance Index emerged). The Environmental Sustainability Index is a composite index applied in the evaluation of a nation’s sustainability. The ESI is one of the most complicated contemporary sustainability indices: it integrates 76 data sets into 21 indicators of sustainability; moreover, the EF is evaluated as only one of the variables [12]. In general, the concept of the calculation of the ESI is based on the following steps: (1) country selection, (2) standardization of the variables (that allows comparison between countries), (3) transformation of the variables, (4) multiple imputation of missing data, (5) data winsorization, (6) calculation of the final ESI score [9,13].

Due to a similar purpose the results of the Environmental Sustainability Index and the Ecological Footprint are supposed to be substantially the same or at least akin. In other words, if the countries were rated, the ranks should coincide; nonetheless, they do not (see Table 1).


Table 1. Ranking of the countries according to the ESI and the ecological reserve/deficit.



	
Country

	
ESI Rank

	
Ecological reserve (+) or deficit (-)

	
Re-ranking regarding ecological reserve or deficit






	
Finland

	
1

	
+6,5

	
1

	
Canada (6 according ESI)




	
Norway

	
2

	
−0,8

	
2

	
Finland (1 according ESI)




	
Uruguay

	
3

	
+5,0

	
3

	
Argentina (9 according ESI)




	
Sweden

	
4

	
+4,9

	
4

	
Uruguay (3 according ESI)




	
Iceland

	
5

	
No data

	
5

	
Sweden (4 according ESI)




	
Canada

	
6

	
+13,0

	
6

	
Norway (2 according ESI)




	
Switzerland

	
7

	
−3,7

	
7

	
Austria (10 according ESI)




	
Guyana

	
8

	
No data

	
8

	
Switzerland (7 according ESI)




	
Argentina

	
9

	
+5,7

	
Not ranked: Guyana, Iceland




	
Austria

	
10

	
−2,1






Notes: (1) ESI Ranks from [12]. (2) Ecological reserve or deficit data from [14]; (3) Re-ranking is made exclusively for the best 10 ESI‘s countries.







2.1. Differences

Disparities shown in Table 1 occur because of different approaches to data. The first difference of the ESI from the EF is screening: countries with insufficient data are excluded from calculations. Mostly low-income countries are omitted because they are not capable of gathering and storing statistical data, this in turn leads to a premise that the ESI is able to assess only part of the world. Secondly, in calculating the ESI the EF is counted as one of the variables, despite the fact that it is an aggregate index already. Consequently, a threat arises that the same data are double counted. Thirdly, it is a portioning of the impact factors, for the ESI scores all variables with the same weight. It is worth noting that in calculating the ESI, for instance, a higher oil price or a larger number of scientific research per person is treated as a condition ensuring more sustainable development [7,8]. This approach is quite unique as it is widely admitted that sustainability is not an equality of components, besides it is not proven that a connection between all indicators are linear and universal. Finally, the ESI evaluates countries as “isolated” islands, without a connection with other nations [15]. So, countries, for example, exporting waste are rated high (good) because waste is treated as something that is gone from a concrete country. Such an isolated evaluation does not provide an adequate answer to one of the principles of sustainability, specifically, cooperation at global level [16]. There are some contra-arguments [17], even experts agree on critical response to prominence of financial components including an ignorance of spillover effects [7,15] and favouring economically developed countries. The EF is based on different presumptions. Scientists notice several advantages of the EF’s calculation principles: (1) ease of understanding the final information, (2) finiteness of the index and (3) tracing of the “leakage” effect [8,9,18]. The first advantage is self-evident; the article highlights the second and the third. The principle of the EF is based on the simple but obvious truth that the Earth must have limits. Naturally, one can call into question the possibility and accuracy of the calculation of “everything” on the planet. Nevertheless, the accurateness does not play the major role here; the only thing that matters is the idea of limits. The result must be finite, because there is no chance of using more than the world can produce. However, except for one thing—the “leakage” effect. In most instances, “leakage” occurs in the rich and well-developed countries. People living in developed countries consume more and have bigger demands; hence, the countries import resources whose extraction may sometimes be pestiferous and export waste, amongst other detriments to human health, to poorer countries. In this way, the developed countries stay “clear” [15]. In fact, the burden of environmental export falls on all countries that demonstrate natural backlog (e.g., Latvia, Nicaragua, Paraguay etc.) wherever they are in the world. The EF has proven a number of virtues; though it gets some criticism as well: cross-country comparisons rely on arbitrary boundaries; failure to allocate space for other species; too poor estimation of technologies, etc. [19,20].

All of the above-mentioned differences may explain the different ESI’s and EF’s results, but the result itself is not an answer. Speaking about the environment the base (holistic) principle is more important. The aim of the EF is simply to show the real situation: natural possibilities and human demands [11]; meanwhile, the ESI tries to deliver a mean. Therefore, the principal shortcoming of the ESI is an attempt to substitute unique, finite and natural resources for other variables such as a number of scientific research, efficiency of management or effectiveness of consumption, etc. It is likely that the afore-mentioned components may guarantee sustainability in general; however, referring to the environment, we may consider the way of confronting irreplaceable resources with superficial values as a mere statistical manipulation and it cannot be treated as a solution to the urgent issues.



2.2. Good Practice Transferring

With reference to ecology, the EF conception seems to be more logical and evidential and thus some of the principles of the EF are the ones to be transferred into urban planning. The question is “What are they?”.

There are some meanings concerning urban ecology: the first refers to studies about organisms in and around cities; the second is focused on planning, particularly on the mitigation of negative environmental impacts [21]. However, it has already been mentioned that sustainability has not been realised anywhere; hence, “mitigation” appears to be a hard task that needs further development. There are two ways of implementing (e.g., increase, mitigation, enlargement, improvement, etc.): (1) broad-brush and (2) concrete. Both are good if used correctly, i.e., broad-brush at the beginning of the job and specific tasks later. Although generality is more appropriate for politics and large national tasks, it often rebounds in practice. Urban ecology is no exception—it frequently sways and hovers. Thus, uncertainty seems to be the blind-spot of urban ecology and this is where the EF’s principle of limits can be a right fit. Commonly, the EF gives data about countries presenting three main aspects: (1) total ecological footprint; (2) total biocapacity and; finally, (3) ecological deficit or reserve. The third indicator reveals the main threshold; if it is positive (reserve), a country possesses development possibilities, otherwise (deficit) it oversteps its limits and needs rearrangement of human demands. If a country was replaced by a city, the system would remain. Any city (as well as any country) is part of the world and thus uses the same finite natural resources. The whole planet participates in this distribution, so calculation may be complex; nevertheless, it would be unambiguous. Two stages are to be pointed out while establishing the limits of urban ecology. The first stage could be the assessment of a city’s participation in the global environmental market; the key would be fitting into the international standards. Required urban quotas (ecological limits) could be adapted from the international agreements such as the Kyoto protocol (i.e., an 8% reduction in greenhouse gases in the EU) or the EU directives. The second stage could be the evaluation of inner ecological possibilities of a city. In this case, a “natural ceiling” would consist of particular values, which if exceeded leads to increased health risk of townsmen and puts wildlife in jeopardy (e.g., air pollution, noise level, etc.).

It should be borne in mind that the task of urban quotas is particularly unsolvable if conventional wisdom is assumed. It is self-evident that generated environmental pressure in cities requires more area than any city occupies [19,22,23]; in the meantime, the city that functions and completely maintains itself does not exist. Therefore, the task of urban quotas inevitably leads to the second benefit of the EF, i.e., “leakage”. In this regard, a city’s assessment should involve supporting areas which allow partial “leakage” or/and import of resources. It is important to correctly account these supplementary areas and link them with a specific city. Although speaking about some cities, bounded areas could be in the same country; actually, it could be elsewhere on the planet, as well. For example, the city of Kuwait definitely uses resources from abroad as the country itself demonstrates almost no biocapacity [24]. Occurring “leakage” not only keeps Kuwait in existence but clearly demonstrates that sustainability’s call for cooperation at global level has already been implemented, though unplanned. The only thing that we are currently missing is accurate statistics.

Although the EF gives some useful insights, the question of the threshold remains open: there is a need to set a certain parameters at city’s level, may be to accept the 10 European Common Indicators.




3. The 10 European Common Indicators

If we assume that each city is on the global eco-market (and it is), it is clear that management of this market is impossible without cooperation of all stakeholders. Naturally, scientists, activists, etc. may propose their methods for ecological evaluation, which in turn can be indeed elaborated, but a variety of methods allows no comparison. If comparison is impossible, the formation of major guidelines is too complicated and therefore such individual methods are particularly useless. The fact is that urban planning manages vast territories and the global eco-market is huge; thus generalisation is compulsory. Although political decision has been mentioned as a broad-brush tool, it is the only one that is able to cope with such data input and to draw guidelines. Moreover, only political decision can reassure cooperation at national and global levels, what is crucial for ecology. Naturally, political decision must rely on approved scientific background.

The European Common Indicators initiative started in 1999, “the aim of the initiative has been to develop and test indicators reflecting local actions towards sustainability in as much an integrated way as possible” [25]. The initiative involved many actors inter alia the Expert Group on Urban Environment, the Network members of the European Sustainable Cities and Towns Campaign, EU Institutions (JRC, IPTS, EEA), national institutions, local government associations, etc. [25]. In a nutshell, the 10 European Common Indicators have been developed by specialists in conjunction with stakeholders focusing on monitoring environmental sustainability at the local level. The result is a ready to use set of indicators that cities can use. The whole set is as follows: (1) citizen satisfaction with the local community; (2) local contribution to global climatic change; (3) local mobility and passenger transportation; (4) availability of local public open areas and services; (5) quality of local ambient air; (6) children’s journey’s to and from school; (7) sustainable management of the local authority and local business; (8) noise pollution; (9) sustainable land use; and; finally, (10) products promoting sustainability [25,26]. Obviously, all indicators bear particular relevance with ecology, but speaking about urban ecology and planning the complete set is redundant as it encompasses sustainability in general. Only three of the indicators are bound up primarily with urban ecology and planning: (2) local contribution to global climatic change; (5) quality of local ambient air; and (8) noise pollution. The indicator representing local mobility and passenger transportation may seem relevant as well, but the environmental burden of the energy sector (inter alia transport) is accounted for within the indicator No. 2.



At the Kyoto Conference, 38 industrialised countries agreed with a reduction of greenhouse gases (GHG), highlighting carbon dioxide (“the most important greenhouse gas, contributing to 80% of total EU emissions” [28]) and methane. Indicator No. 2, which is “correlated with CO2 emissions due to local energy consumption and CH4 emissions due to local waste management activities, is likely to be the best way of measuring the greenhouse effect at a local level” [28]. See Figure 1 for abridgement of GHG emissions for the EU, the first column shows emissions by gas, second-emissions by sector, third-breakdown within the energy sector and the last-breakdown within the waste sector. Consequently, it would be purposive to link this indicator with urban planning, in other words, to propose how urban planning could reduce GHG emissions. However, the indicator is sweeping so only one part of the indicator is discussed, i.e., GHG emissions attributable to the waste management sector. The potentiality of involving the waste management sector in urban planning is presented taking Lithuania as an example.

Figure 1. Abridgement of GHG emissions for EU.
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3.1. The Waste Management Sector and GHG

The classification of waste streams varies from country to country. In Lithuania, municipal solid waste (MSW) refers to household waste including similar waste from offices, small businesses, etc. [29]. According to waste records, in 2006 5700 million kg of waste was generated in Lithuania; 22.8% (1300 million kg) of which was MSW [29]. Therefore, in 2006 the per capita quantity of MSW was 390 kg, but in 2008 the waste amount increased to 407 kg [30]. Experts say that in 2010–2020 the amount of MSW should reach 1800 million kg. More than 800 landfills, which do not comply with the requirements of environment protection and public safety, were in operation until 2000. Officially, all of them were closed on the 16 of July 2009 and since then waste stream goes to 11 appropriately equipped regional landfills. However, Lithuania remains highly dependent on landfill.

Most of the waste, which now generates landfill gas (LFG), has been utilized previously and thus it is hard to believe that reliable data about its composition exists. Therefore, the article analyses only newly generated waste, i.e., it is assumed that waste composition is known. It is commonly agreed that LFG is mainly composed of 50–60% of methane and 40–50% of carbon dioxide [31,32,33,34]. Typically, carbon dioxide emission is divided into two parts: biogenic and anthropogenic emission. Assessments linked with global warming account only anthropogenic emission because biogenic carbon is considered to be “neutral”, i.e., it does not increase the net amount of CO2 in the atmosphere [35,36,37]. LFG is the product of microbiological decomposition of waste (which is primarily from biogenic sources); thus, CO2 emission from MSW is not accounted and the task is to account exclusively methane’s emission. Methane’s share within the waste sector in Lithuania is shown in Figure 2.

Figure 2. CH4 share within the waste sector in Lithuania.
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For estimating LFG generation rates, two different approaches exist: the first approach presents LFG emission during a specific time interval, which in turn can be very different, and the second one calculates the total flux irrespective of life, i.e., until complete degradation of waste. As any urban master plan is intended for a particular period (e.g., in Lithuania it is 10 years), the question “Which is a more proper approach?” arises. When choosing the method, some general aspects must be taken into consideration: the generation of LFG does not start immediately after waste is placed in the landfill; the LFG peak is 5 to 7 years after disposal; LFG produces at a stable rate for about 20 years, but will continue to be emitted for 50 or more years. Consequently, it would be incorrect if planners simply multiplied LFG rates per year with regard to a master plan’s expiry date. The result would include only part of the threat that arises from MSW. Therefore, a more proper and fair solution is to calculate the total flux until complete degradation of waste. This approach does not offset a problem, but shows the real scale of threat and insists on finding solutions within a fixed period. The total amount of LFG varies from 100 to 200 Nm2 per 1000 kg of MSW depending on waste composition and time limit [31,34], consequential amount of CH4 (50–60%) would be 50–120 Nm2 per 1000 kg of MSW. However, a more conservative estimate of CH4 emission is about 50 Nm3 per 1000 kg of MSW [32] or 86 Nm3 per 1000 kg of MSW [31]. In general, the United States Environmental Protection Agency (USEPA) reports that CH4 emission rates can vary widely: from 6.2 to 270 Nm3 per 1000 kg of MSW and thus proposes a default value of 100 Nm3 per 1000 kg of MSW, which demonstrates a good agreement between measured and predicted emissions [38]. Lithuania does not have statistical data about an average complete quantity of methane from MSW; thus, thereinafter the applicable number is taken from abroad, i.e., 100 Nm3 per 1000 kg as proposed by USEPA. If Lithuania presents a sufficient amount of data in the future, it will be easy to change the numbers.



3.2. Methane Attributable to MSW

Linking urban planning with methane’s emission we can distinguish two important aspects: (1) the level of data accumulation and (2) comparability of data.

It is very important to use statistical data reported exclusively at the national level. Data on local landfill may be more precise and new, though it may differ in various cities. Therefore, there exists a threat that, for example, the city of Kaunas will use data collected since 2010 and the city of Alytus will use data compiled since 2008. This makes data incomparable and leaves room for speculation. Moreover, speaking in the context of global ecology, general information ought to be used. As it has been mentioned before, in 2008, in Lithuania per capita quantity of MSW was 407 kg [30]. It is easy to calculate the amount of generated methane (expressed in m3) until complete degradation of waste, using a simple formula (1).
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(1)




Where M is the average methane rate (in our case 100 Nm3 per 1000 kg) and W is the total quantity of MSW per capita (in our case 407 kg). Qperson indicates that one person in a given year generates a certain amount of MSW that finally equals some cubic meters of methane.

Obviously, the amount of methane should be presented in globally comparable units. Each GHG has a different lifetime and a different ability of heat absorption; thus, gas that lasts longer and traps more heat is more damaging. An index that allows comparison is the Global Warming Potential (GWP) index—a purely physical index. GWP index is “based on the time-integrated global mean radiative forcing of a pulse emission of 1 kg of one compound relative to that of 1 kg of the reference gas CO2” [39]. Due to its readiness, GWP is broadly used in scientific as well as political areas. It is interesting to note that despite its short lifetime, methane enhances its own lifetime through changes in the OH concentration and thus its indirect effects last much longer [39]. Commonly GWP of a gas is calculated over a 100 year horizon, but other periods are also possible. Typical periods are 20 years, 100 years and 500 years. To come into contact with urban planning, a link with corresponding legislation is needed. According to Article 11 of Law on Territorial Planning, the concept of the master plan is valid for 20 years and concrete solutions are valid for 10 years [40]. The changes of GWP are not linear, thus the simple calculation of GWP of gas would be incorrect in a 10 years horizon. However, the period of 20 years is quite close and it correlates well with the expiry date of the concept of the master plan. Furthermore, GWP value in 20 years is default, so it is used very broadly. The European Common Indicators initiative‘s indicator No. 2 (local contribution to global climatic change) requires measurement in CO2 equivalent emissions (CO2-eq) [28]. Methane’s GWP in 20 years is 72; therefore, 1000 kg of methane corresponds to 72,000 kg of CO2-eq (in 20 years horizon). Equation (1) gives an answer in cubic meters, so the conversion from cubic meters to kg is needed. The Environmental Protection Agency of the United States has the Interactive Units Converter, according to it, 1 m3 of methane has a weight of 0.6802 kg [41]. For the final calculation, Equation (1) should be remodelled to Equation (2).
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(2)




Where T is conversion coefficient, which allows recalculation of methane’s volume into weight (in our case T is 0.6802 kg), and GWPtime is methane’s GWP value of selected period. Qperson indicates that one person in a given year generates a certain amount of MSW that finally equals to some kg of CO2-eq.




4. Results

Using Equation (2), it is easy to calculate that in 2008 an average Lithuanian generated an amount of MSW that is equal to approximately 1990 kg of CO2-eq in a 20 years horizon. As this number is estimated at the national level, it can be used for preparing the master plan of any city within the territory of Lithuania. The number of citizens is easy to acquire and the proposed method is simple; therefore, it deals greatly with the idea that urban planners need aggregated information and they need it in a short period. Multiplication of 1990 by number of citizens shows a total amount of CO2-eq to be generated each year. Nevertheless, three remarks must be taken into consideration. Firstly, per capita quantity of MSW is subject to change; therefore, updates must be made constantly. The periods of measurement must be set at the national level as it guarantees comparability of data. Secondly, the quantity of waste generation is given per year and it means that the same amount is made every year. As the concrete solutions of the master plan are valid for 10 years, the final MSW amount will be 10 times bigger. However, the concept of the master plan is valid for 20 years; thus, compensation measures can be proposed within the period of 20 years. Lastly, as methane potential values are obtained from abroad (the United States), the national study of gas in local landfills would increase accurateness of the method.



5. Discussion

The ecological benefit of urban planning lies within its possibilities of mitigating the negative impact of GHG (methane in our case). The most common compensation measure linked with global warming is tree planting. One of the main reasons for this is that the Kyoto Protocol allows some remove of carbon by forests, plus planting efforts are effective, quite simple and cheap to implement. However, it is compensation in the full sense of the word, i.e., it has no effect on the decrease of MSW. If the question of the area needed for landfill was important, waste incineration would be a better and more effective solution. It is important not to mix waste incineration and the real reduction of MSW. Decrease of MSW cannot be solved in urban plan and thus is not discussed here.

Different research shows various carbon dioxide sequestration by trees e.g., between 0.5 and 2.3 kg per sq meter per year for afforestation and between 0.3 and 1.9 kg per sq meter for reforestation [42]; but it is commonly agreed that an average tree absorbs 1000 kg of carbon dioxide in its life (100 years). If tree planting is selected as compensation, a considered lifetime of a tree is very important as the sequestered amount of carbon dioxide changes due to it. Nevertheless, it is very hard to reassure that a tree will last for 100 years or that during this period it will not be cut down, or wildfire will not occur. Therefore, a 50 year life expectancy of a tree seems more adequate. To put it another way, it can be said that an average Lithuanian generates an amount of MSW per year that is equal to 1990 kg of CO2-eq in a 20 years horizon; therefore, in order to compensate this approximately 4 trees, with an expected lifetime of 50 years, are needed per year. Furthermore, during validity of the master plan solutions, the MSW amount would finally increase ten times; thus one statistical Lithuanian will produce 19,900 kg of CO2-eq, which in turn demands about 40 trees. These trees should be planted in 10 years and must survive for at least 50 years. Another possibility is tree planting in 20 years (the time of the concept), but then two master plans overlap; hence accuracy and succession are needed. Law on Plantings [43] and the acts that follow describe different specifications such as classification of plantings, accessibility, required area, etc. These acts could be easily improved with compensation mechanisms. However, the demand for planting is presented in m2 per person and therefore conversion is needed. Tree density is different according to tree species, initial spacing or intent of the planting; in Lithuania planting density varies from 1500 (asp) to 5000 (pine) trees per 10,000 sq meters [44]. Here it was assumed that the planting density is 2000 trees per 10,000 sq meters; consequently, the area of 200 m2 per person is needed to compensate 10 years CH4 emission attributable to MSW or 20 m2 each year. In brief, an assessment of MSW within urban planning and compensation mechanism is shown in Figure 3. The mechanism was tested in practice during preparation of the master plan of Dubingiai—a small town located 45 km north-east from Vilnius. The city has 215 habitants and occupies an area of 90 hectares from which 12 hectares belong to forest. Calculations revealed that roughly 4 hectares of trees were required for compensation of CO2-eq (see Figure 4); however, the forest accounted for an area three times larger than was estimated and thus additional tree planting was not necessary.

Figure 3. MSW within urban planning.
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Figure 4. Compensation of CO2-eq in Dubingiai master plan.
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Although tree planting is an attractive option, it remains a temporary solution: trees act as a “sink” and allow “offsets” but do not solve the problem. Moreover, 40 trees or the area of 200 m2 per person is not a concern in a small village (e.g., Dubingiai), yet it is hard or even impossible to find it in a big city. The compensation mechanism was tested in Telsiai–a city that is considerably bigger than Dubingiai (circa 20 times) and has approximately 31.6 thousand inhabitants. Calculations according to Equation 2 (or simply Figure 3) revealed that roughly 632 hectares of trees were required for compensation of CO2-eq, but currently green areas in Telsiai cover only 200 hectares, thus triple space is needed. However, in this case forests would occupy one third (sic!) of the city (see Figure 5); therefore, tree planting is feasible only in small cities and rural areas. Nevertheless, coming back to the EF and “leakage“, big cities could find supplementary areas in its districts or anywhere else in a country. In this case, accurate national statistics of planting must be made, because the possibility of overlapping or double counting exists. National data should be available to urban planners and constantly updated.

Figure 5. Compensation of CO2-eq in Telsiai master plan.
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Waste incineration and landfill gas combustion are other options. Although incineration releases carbon dioxide, it can have a substantial advantage. Firstly, waste incineration may significantly decrease demand of landfills or the waste storage area and landfill gas burning mitigates the negative impact of otherwise uncontrolled gas leakage into the atmosphere. Secondly, under controlled conditions generated energy (captured gas) can be used for electricity or heat. Considering landfill gas burning, the efficiency for electricity production ranges between 18–26% [45] and it can reach 25–35% if landfill gas is combusted in gas engines that generate electricity and heat [31]. The efficiency for conversion of biogas into heat is even better and ranges between 40–50% [45]. However, direct combustion of MSW is a more favourable solution compared to landfill gas collection and later combustion of MSW, because it is easier to manage (control), also has more efficient energy recovery and lower carbon emissions per ton of waste (primarily due to no methane being generated) [46]. Although any waste treatment gives an ecological benefit, but credits vary depending on the type of replaced initial heat source. In 2009, in Lithuania, lion’s share of initial sources for district heating belonged to fossil fuels: 73.7% natural gas and 5,4% heating oil [47]. Thus, it is obvious that waste incineration would be a very favourable option. The major problem is that commonly heat demand is low near plants. Nevertheless, part of the generated heat can be used within the plant or distributed through district heating pipes plus this is a place where urban planners should wisely perform. The well-known Vienna’s Spittelau thermal waste treatment plant is a very successful example. It was built in order to supply a new hospital that was two kilometers away, but today Spittelay is the second largest generator in Vienna’s district heating network producing a total output of 460 MW [48]. As distance plays a major role, it must be considered at the stage of urban planning. Kollmann and Schulz state that district heating is a sensible solution but only within a radius of 5–10 km of the particular power station [49]. Furthermore, the location of the waste treatment plant within the city is ideal from the logistics point of view as it significantly reduces waste collection and delivery radius. In Lithuania there is no waste treatment plant at all; thus international successful initiatives are to be followed.



6. Conclusions

The findings of the presented research demonstrate that the EF’s practice of environmental limits and the “leakage” effect could be transferred into urban planning. Furthermore, the European Common Indicators Initiative proposes 10 indicators reflecting actions towards sustainability; three of these indicators are strongly bound up with urban ecology. If the indicator concerning MSW was merged with the EF’s practice, then the negative impact of MSW could be prevented (or at least mitigated) at the stage of urban planning. Taking Lithuania as an example (here the situation concerning MSW treatment is very similar to other post-soviet countries), it has been estimated that an average Lithuanian in 10 years generates an amount of MSW, which is equal to 19,900 kg of CO2-eq in a 20 years horizon. Therefore, compensation of the gases requires roughly 40 trees which is equal to 200 m2 in turn. Although such a method would be feasible only in extended cities, big cities could rely on the “leakage” practice. Lastly, if urban planning involves waste incineration, heat generation would be a sensible solution. However, heat plants should supply heat within a radius of 5–10 km of the power station.
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