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This paper aims to determine the environmental performance of the current landfill gas management system (based on flaring) in Mexico City (Bordo Poniente) in comparison to the collection of biogas generated from solid waste through one of the most innovative technology implemented in Denmark (Aikan Technology), which produces biogas and digestate from waste. Two alternative scenarios are proposed in which the Aikan Technology is implemented in Bordo Poniente to replace the existing system (reference scenario) that involves landfilling inorganic waste and composting organic waste in Bordo Poniente with no biogas recovery. The biogas recovered through Aikan Technology is exploited to provide heat and electricity (Scenario 1) or biofuel for the transportation sector (Scenario 2). A comparative life cycle assessment (LCA) was performed to evaluate the environmental performances associated with all scenarios by evaluating the impact categories Climate Change, Fossil Depletion, and Cumulative Energy Demand. According to the waste capacity of Bordo Poniente, the implementation of the Aikan Technology would result in a total annual reduction of 0.14 and 0.08 Mt of CO2 eq for Scenario 1 and Scenario 2, respectively. Scenario 1 was also the best performing scenario with respect to fossil depletion (−52 kg oil eq ton−1 of organic waste) and cumulative energy demand (−3,557 MJ ton−1 of organic waste). The implementation of Aikan Technology in Mexico City represents an important challenge and requires further research into its economic and political feasibility. When it comes to tackling global environmental problems, international agreements ascribe high importance to environmental technology transfer. This study represents a preliminary step in terms of environmental assessment and thus provides important information for policymakers attempting to achieve more sustainable management of solid waste in Mexico.
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INTRODUCTION

Mexico City is the most populated City in Mexico with a population in 2018 of about 21,580,000 inhabitants who represent about 16% of the total population of the country (WPR, 2018). Mexico City is experiencing a progressive increase in generation of solid waste (SW), primarily resulting from an increasing rate of industrial development, as well as the distribution, trade, and widespread consumption of various products for human use. Consequently, there is an increased demand for urban infrastructure, energy, and water, and efficient waste management systems are required. The City it is divided into 16 boroughs that collectively generate 12,893 tons of SW per year with a per capita daily SW generation of 1.46 kg (SEDEMA., 2014). The per capita generation of SW in Mexico City is higher than the national average (0.98 kg) and about 49.5% of this waste corresponds to organic waste (Duran Moreno et al., 2013).

Personnel with a low educational level operate the waste management system in Mexico City (Buenrostro and Bocco, 2003; Zurita et al., 2018). Generally, the SW is mixed and requires sorting prior to further treatment, thus increasing the total costs of the SW management system (Santibáñez et al., 2013). Costs of SW management arise from generation, storage, sweeping, and collection by vehicles with a loading capacity between 3,000 and 5,000 kg (Duran Moreno et al., 2013). The SW is then transported to sanitary landfills and composting plants. However, not all of the waste is properly managed. According to SEDEMA. (2014), 63% of waste is sorted at two sorting plants prior to transport to five sanitary landfills outside of Mexico City and eight composting plants. The remaining 37% of the mixed waste is deposited in uncontrolled landfill sites.

Bordo Poniente is the only sanitary landfill within Mexico City and it also hosts a composting plant. In December of 2011 the landfill portion of Bordo Poniente was closed, and therefore, beginning in 2012 it only received organic waste for composting. In 2014, the composting plant in Bordo Poniente received about 98% of the total organic waste produced in Mexico City (SEDEMA., 2014). Until 2011, the methane generated from the landfill in Bordo Poniente was not being collected for energy, but was rather flared, that is, it was transformed to carbon dioxide and released into the atmosphere. Although post-treatment is still ongoing and the biogas that it is remaining in the landfill might still be exploited for providing energy (IPCC, 2006), a substantial amount of potential energy is currently lost.

Mexico is one of the leading providers of energy, primarily from fossil fuels (Ruiz et al., 2008; G20, 2017), whereas the production and utilization of renewable energy sources are still not entirely developed (Mexico Institute, 2018). The consumption of hydrocarbon fuels in Mexico has been increasing over time and in 2014 it resulted about 88.7% of the gross primary energy supply (Alemán et al., 2014). Therefore, an energy transition from fossil fuel to renewable energy is urgent (Cancino et al., 2016). In this context, transitioning the waste management system to more sustainably harvest and provide bioenergy will allow Mexico to reduce the environmental impacts associated with the waste and energy sector (Tsydenova et al., 2018).

More appropriate waste treatment and disposal technologies are in use, especially in developed countries (Starr et al., 2015; Mereki et al., 2016; Bundhoo, 2018). In particular, some promising and innovative technologies that produce biogas from waste are currently implemented in Denmark (Lybæk and Kyær, 2017; Thomsen et al., 2018). For instance, Aikan Technology is one of the most innovative technologies implemented in Denmark, producing biogas and digestate from waste. Biogas is exploited for electricity and heat production, and the digestate for high quality organic fertilizer products returned to agricultural soils (Denmark Country Report, 2017). International agreements ascribe a key role to environmental technology transfer, particularly when it is applied to global environmental problems (Chuffart, 2013; Coelho et al., 2018). However, technology transfer cannot succeed without a pre-assessment in terms of environmental, economic, technological, and socio-cultural performances.

In this paper we perform a life cycle assessment (LCA) to compare the environmental performances of the existing, and two alternative waste management systems in Mexico City. Our analysis evaluates the potential environmental advantages of implementing Aikan Technology that recovers biogas used for electricity, heat, and biofuel production in Mexico. The current system is taken as a reference scenario (business as usual, REF). Two alternative scenarios are proposed in which the Aikan Technology is implemented in Bordo Poniente to replace the existing composting technology, and is combined with transitioning the current post-treatment of the closed landfill gas by flaring, to collection that provides Mexico City with combined heat and electricity. In the Scenario 1 (S1) analysis, landfill gas collection and the Aikan Technology are used to produce compost and biogas that provide electricity and heat. In the Scenario 2 (S2) analysis, biogas recovered from the landfill and from the Aikan Technology is exploited to generate biofuel for the transport sector. The impact categories evaluated in this study are: Climate Change (CC), Fossil Depletion (FD), and Cumulative Energy Demand (CED).

MATERIALS AND METHODS

Description of the System

In the REF system, biogas is flared and compost is produced. In S1, biogas recovery is exploited to provide heat and electricity. In S2, biogas is exploited to produce biofuel for the transport sector. For alternative scenarios, the Aikan Technology is implemented to replace the Bordo Poniente composting plant. Moreover, the biogas that it is remaining in Bordo Poniente's landfill (closed in 2011) is collected and exploited for heat and electricity, providing a substitution for the coal-based energy supply in Mexico. The boundaries of the system considered in this study are presented in Figure 1.
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FIGURE 1. System boundaries. REF represents the reference scenario with compost production without biogas recovery; S1 represents biogas recovery and composting through Aikan Technology for electricity and heat providing; and S2 represents biogas recovery and composting through Aikan Technology for biofuel production for the transport sector. While in S1 the electricity produced is transferred to the national grid, and thus avoids the production and use of non-renewable energy, in S2 the production of biofuel replaces (in part) the use of diesel and thus reduce the utilization of fossil fuel in the transport sector.



Reference scenario refers to Bordo Poniente landfill, which is located 18 km northeast of Mexico City Center. Bordo Poniente receives an average of 12,500 tons of waste per day (Mejia-Dugand et al., 2013). Diesel-driven garbage trucks, with a loading capacity of 3,000–5,000 kg fresh weight, collect and transport the waste to the Bordo Poniente plant (Duran Moreno et al., 2013). Bordo Poniente landfill has been closed in 2011, but post-treatment is ongoing and involves flaring of methane emissions that could otherwise be exploited as an energy source (IPCC, 2006). Beginning in 2012, the Bordo Poniente plant only receives organic waste for composting (i.e., food and yard waste). The yearly disposal quantities of SW for the last six decades, and the SW composition, at the Bordo Poniente landfill can be found in Tables S1, S2 (see Supplementary Information).

The composting plant at Bordo Poniente has been in operation since 1988. It is the largest composting plant serving Mexico City with an annual capacity of about 912,500 tons of organic waste and an area of 30 hectares (Duran Moreno et al., 2013). The composting plant runs as an aerobic process with static piles and it processes the organic waste from households and gardens. The monthly quantities of organic waste that entered the composting plant and the quantities of compost produced in 2014 are presented in Table S3 (see Supplementary Information).

Key data including organic waste transportation from the transfer stations to the composting plant at Bordo Poniente, anaerobic digestion at the composting plant of Bordo Poniente, electricity and heat generation (S1), biofuel production for the transport sector (S2), energy utilization for biogas combustion, and upgrading are provided in Table S4 (see Supplementary Information).

Aikan Technology

The Aikan Technology consists of three phases: (i) hydrolysis, where solid organic matter is made soluble by microbial enzymatic degradation, (ii) methane production, where bacteria transform volatile organic matter into methane, and (iii) composting, where organic matter is sanitized and transformed into compost. The Aikan Technology starts with the separation of organic from the inorganic matter (e.g., plastic bags, metals) by means of a sorter. The organic waste is then mixed with wood pellets and yard waste, which are available in quantity at the landfill and improve the texture.

In both S1 and S2 the compost is used in the agricultural sector as a soil amendment that substitutes for some production and use of mineral fertilizer. In S1 the biogas is exploited to provide electricity and heat (Figure 1). The electricity produced is transferred to the national grid, and thus avoids the production and use of coal-based combined heat and power. The S1 scenario assumes the heat produced is discarded due to a lack of demand in Mexico City. In S2 the biogas is upgraded with the Aikan Technology and exploited to produce biofuel for use in the transportation sector (Figure 1). Globally, biogas is primarily used to provide heat and electricity (Petersson and Wellinger, 2009), though the use of biogas as a vehicle fuel is increasingly common in European countries and the United States (Börjesson and Mattiasson, 2008; Cong et al., 2017). In particular, as a biofuel we consider the production of compressed natural gas (CNG), which is used in heavy-duty vehicles (i.e., buses and trucks) as diesel substitute. We only included the operational phase; the construction phase is not included since the lifetime of the machinery is considered at least 30 years and therefore considered insignificant relative to an assessment of the biowaste management systems in 1 year.

Landfill

The methane generation from landfill is estimated by using the IPCC waste modeling according to IPCC (2006) (see Supplementary Information for more details about the estimation). The methane generation estimated from the landfill in REF, S1, and S2 is the same (about 255 Gg CH4 in 2011). However, in the REF, 97% of the generated methane is flared with no recovery and 3% is lost to the atmosphere (Borjesson and Berglund, 2006). In S1, 99% of the methane is collected for heat and electricity production and 1% of methane is lost to the atmosphere (Borjesson and Berglund, 2006). In S2, 98% of the methane is upgraded and used in the transportation sector and 2% is lost (Persson et al., 2006).

The CH4 emission from the Bordo Poniente landfill was estimated using a First Order Decay (FOD) model (IPCC, 2006). In this study, methane emissions were estimated for a period of 70 years (1960–2030). Methane emissions released from the landfill during the period 2011–2030 were estimated by taking into account the continued degradation of organic waste disposed before 2011. The estimation of disposed waste quantity in Bordo Poniente during the period 1960–2011 was developed using the per capita generation of waste by the Mexico City population. Data for population in Mexico City during the period 1960–2014 was provided by Borjesson and Berglund (2006). Although data for population was available for only some years (1960, 1970, 1980, 1990, 2006, 2009, and 2014), the population data in the remaining years were estimated by performing a linear interpolation per decade. For further information about the approach used for estimating methane emissions from the landfill see Supplementary Information (Chapter 1-IPCC waste modeling).

Composting

CH4 and N2O emissions are considered a part of the composting process. For estimating direct emissions from composting the amount of organic waste (i.e., food and yard waste) is required (IPCC, 2006). Data on the total amount of organic waste composted in 2014 was provided by the Environment Department of Mexico (SEDEMA., 2014) and is provided in Table S3 (see Supplementary Information). Default emissions factors (Tier 1) were used that correspond to 4 g CH4 kg−1 and 0.3 g N2O kg−1 of waste composted (IPCC, 2006), and were applied to calculate the emissions of the REF. In S1, the current composting process was replaced with the Aikan Technology for producing biogas and biofertilizer. In S2, biogas is upgraded and exploited to produce biofuel for use in the transport sector. Since no data was available for the NPK content of the Mexican compost, it was assumed that the NPK content of Mexican food, garden, and park waste was equal to the Danish values. The NPK content of the Danish compost produced with the Aikan Technology contains 15 kg nitrogen per ton, 5 kg phosphorous per ton, and 8 kg K per ton of dry weight (Kristensen, 2014). To estimate the fertilizer value we adopted substitution ratios of 95% and 63%, respectively according to Thomsen et al. (2017).

In S1 and S2, we considered a biogas yield of 80 Nm3 ton−1 of organic waste (wet weight), of which about 70% is methane (Kristensen, 2014). One ton of organic waste (wet weight) can be converted into about 290 kWh of electricity, 1,400 MJ heat, and 350 kg of organic fertilizer (Kristensen, 2014).

To produce biofuels from the biogas in S2, further purification is required. The most widely used technologies for biogas upgrading are pressure swing adsorption, water scrubbing, organic physical scrubbing, and chemical scrubbing (Petersson and Wellinger, 2009). All upgrading technologies are subject to methane losses that average to 3% (methane content between 96 and 99%) and an electricity consumption average of 0.25 kWh Nm−3 of biogas (Petersson and Wellinger, 2009). These values were used for the calculations of methane emissions in S2.

Life Cycle Assessment

An LCA study was performed in accordance with the international standards ISO 14040-44 (ISO, 2006a,b).

A functional unit of 1 ton (dry weight) of organic waste feedstock was used to quantify all inputs and outputs of the treatment processes in order to compare the resource use efficiency and environmental performance of the REF and alternative scenarios.

The LCA was performed in SimaPro 8.0.4 software (Pré Consultants, Amersfoort, Netherlands) and the integrated inventory was done in Ecoinvent v3.1 (Weidema et al., 2013), and it was evaluated using the impact assessment method ReCiPe (Goedkoop et al., 2013). Concerning the electricity, the specific Mexican medium voltage (average valid for Mexico e.g., “MX”) provided by Ecoinvent was used. Concerning the collection and transport of waste, diesel-driven garbage trucks collect, and transport the waste to the Bordo Poniente plant. As process, the municipal waste collection service by 21 metric ton lorry (average valid for all the countries e.g., “GLO”) was used. We estimated the distance of the transport as average distance between all the districts in Mexico City and Bordo Poniente. All the distances and the average distance estimated (16 km) are showed in Table S5 (see Supplementary Information). Regarding the process relative to the anaerobic digestion plant average global data from Ecoinvent as well as for Nitrogen, Phosphate, and Potassium fertilizers. Concerning the diesel in the S2 scenario the activity data provided from Ecoinvent was relative to the European average (“RER”).

Since waste treatment impacts are mainly climate change-related and environmental quality issues, we focused on the following impact categories:

• Climate change (CC), expressed in kg CO2eq,

• Fossil depletion (FD), expressed in kg oil eq,

• Cumulative energy demand (CED), expressed in MJ.

RESULTS

The methane emissions from the deposited waste in the Bordo Poniente landfill during the period 1960–2030 increased from 1960 to the closing date in 2011. From 2011 to 2030, methane emissions decrease as the remaining organic degradable waste in the landfill continues to degrade (Figure 2).
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FIGURE 2. Methane emissions from deposited waste in BP landfill. The trend of methane emissions from deposited waste in Bordo Poniente landfill during the period 1960–2030 figure shows an increasing trend from 1960 to 2011 and a decreasing trend for the remaining years. It should be noted that Bordo Poniente landfill has been closed in 2011. From 2012, Bordo Poniente plant only receives organic waste for composting.



Figures 3–5 report the LCA results calculated for the climate change, fossil depletion, and cumulative energy demand, respectively. Positive performance values represent negative environmental impacts (a potential environmental burden or damage). Negative values represent avoided impacts, or positive impacts (a potential environmental benefit). In case of cumulative energy demand, a positive value corresponds to energy consumption whereas negative value is avoided energy consumption. The results of each impact category are examined via contribution analysis in the following sections.
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FIGURE 3. Comparison of the reference and alternatives scenarios for the category of climate change. Results are displayed as equivalent kg of CO2 per ton of dry weight organic waste.
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FIGURE 4. Comparison of the reference and alternatives scenarios for the category of fossil depletion. Results are displayed as equivalent kg of CO2 per ton of dry weight organic waste.




[image: image]

FIGURE 5. Comparison of the reference and alternatives scenarios for the category of cumulative energy demand. Results are displayed as equivalent kg of CO2 per ton of dry weight organic waste.



Climate Change

Biofuel production from alternative S1 was the best performing scenario, saving 155 kg CO2eq ton−1 dry weight organic waste, followed by alternative S2 saving 89 kg CO2eq ton−1 dry weight organic waste (Figure 3). Therefore, both alternative scenarios provide climate change impact reduction. The most relevant contribution in scenario S2 for avoiding impacts was the substitution of transportation fuel with biofuel, causing avoided emissions from diesel of 112 kg CO2eq ton−1 of organic waste (dry weight; Figure 3). In S1, electricity provided the largest contribution to the reduction of impact (−167 kg CO2eq ton−1 organic waste). Summarizing, in S1, a net negative CO2 emissions were due to the biogas-based electricity production, whereas in S2 the substitution of diesel-powered vehicles was the main driver of impact reduction.

For the REF scenario, the largest impact was represented by emissions into the atmosphere (77 kg CO2eq ton−1 of organic waste (Figure 3). However, production of N fertilizer drives a moderate decrease of net CO2 emissions (−8 kg CO2eq ton−1 of organic waste). Production of P and K mineral fertilizers represented insignificant reductions to net CO2 emissions.

Fossil Depletion

S1 was also the best performing scenario with regards to fossil depletion, scoring −52 kg oil eq ton−1 of organic waste (Figure 4). In particular, electricity production was the category determining the highest impact reduction with −51 kg oil eq ton−1 of organic waste (Figure 4). Other impact categories such as avoided production of N and P fertilizer also mitigated impact, however their contribution was less relevant (−2 and −0.3 kg oil eq ton−1 of organic waste, respectively).

A reduction of the impact was also found with the S2 scenario (−10 kg oil eq ton−1 of organic waste). In particular, the avoided emissions from diesel fuel were influential (Figure 4), causing −9.7 kg oil eq ton−1 of organic waste. Avoided production of N also contributed to the mitigation with −2 kg oil eq ton−1 of organic waste.

With the REF scenario, the impacts were roughly balanced (Figure 4). The kg of oil eq released from the transport of organic waste (1.31 kg oil eq ton−1 of organic waste) was near completely balanced by reductions caused by avoided production of N and P (−1.05 and −0.18 kg oil eq ton−1 of organic waste, respectively).

Cumulative Energy Demand

S1 was the best scenario in terms of cumulative energy demand reduction, with a decrease of 3,557 MJ ton−1 of organic waste, mainly due to electricity production (−3548 MJ ton−1 of organic waste; Figure 5). Avoided production of N and P contributed less to the decrease (−99 and −19 MJ ton−1 of organic waste, respectively). S2 also resulted in a reduction to cumulative energy demand with a decrease of 452 MJ ton−1 of organic waste (Figure 5). Avoided emissions from diesel (−436 MJ ton−1 of organic waste) and avoided production of N (−99 MJ ton−1 of organic waste) were the primary mitigating factors (Figure 5). Avoided production of P was a less relevant, causing a reduction of −8 MJ ton−1 of organic waste. For the REF scenario, the impact was roughly balanced (Figure 5). Cumulative energy used to transport organic waste (62 MJ ton−1 of organic waste) was reduced by avoided production of N and P (−50 and −11 MJ ton−1 of organic waste, respectively).

DISCUSSION

The overall variations in LCA results among the three scenarios were mainly due to the different options proposed for biogas exploitation. Scenario 1 performed best in all three categories, and while S2 also provided impact reduction, it was lower than S1. The reference scenario was the worst performing in all three categories analyzed. The analysis revealed that implementing Aikan Technology, as a replacement for the existing composting technology in Bordo Poniente, would result in impact reductions associated with climate change, fossil depletion, and cumulative energy demand. Furthermore, we found that when Aikan Technology was exploited to produce compost and biogas for electricity and heat production (S1), the impact reductions were greater than when it was exploited to generate biofuel for the transportation sector (S2). Therefore, the production of electricity and heat was more important than the production of biofuel in terms of environmental impact mitigation. With regards to cumulative energy demand, the reduction of impact in S1 was about seven times larger than the reduction in S2. The Aikan Technology allows for the production of energy from waste while retaining valuable resources (i.e., N, P, and K) in the compost that is produced after the anaerobic digestion. The compost produced is an environmentally beneficial side product that can be used as a fertilizer on agricultural soil. However, we found that the impact reduction resulting from avoided production of N, P, and K was less relevant relative to the substitution of fossil fuel energy provided by S1 and S2.

Mexico is responsible for 1.6% of global fossil fuel power production, placing it in the top 15 (14th) of emitter countries (Atlas, 2018). Applying Danish technology can improve the environmental performance of Mexico by improving waste management and providing a potential new energy source. For instance, we found that both S1 and S2 scenarios would save a relevant quantity of CO2e ton−1 of organic waste compared to REF (Figure 3). According to the waste capacity of Bordo Poniente, implementation of the Aikan Technology would result in a total annual reduction of about 0.14 and 0.08 Mt of CO2e for S1 and S2, respectively. Therefore, the alternative scenarios presented are potential paths that could decrease GHG emissions in Mexico and contribute to the mitigation of climate change.

One of the biggest limitations in the coming years will be the separate collection of organic and inorganic waste. Keeping organic wastes separate allows for their reuse and recycling as biowaste. It also allows reducing the amount of waste dispatched to illegal open-dump sites (Meng et al., 2018). Likewise, electricity prices, grid interconnection, fuel production, and high capital start-up cost may present financial barriers, thus necessitating the maintenance of valuable materials and products within a sustainable circular economy (European Parliament, 2017; Velenturf and Jopson, 2019). A guideline on separate waste collection was adopted with new waste regulations in July 2017 and is expected to increase the amount of reused or recycled waste and decrease the amount of illegal waste disposal (Tsydenova et al., 2018). Policy regulations and instruments, such as subsidies from the National Council of Science and Technology of Mexico that support participation in the Horizon 2020 program (European Commission, 2017), are needed to enable waste valorization through the implementation of environmental technologies. Actions, including agenda in policy development, formulation, adoption, and evaluation, are also required to achieve the goal of reducing carbon emissions and waste generation while providing energy in a profitable manner. The study presented here demonstrates that the Aikan Technology provides a viable option to improve the waste management system in Mexico City, because of its established status as an advanced and innovative technology and high efficiency.

The United Nations Framework Convention on Climate Change has recognized the importance of technology transfer for achieving environmental impact mitigations. Since the COP 13 in Bali, technology transfer has also become one of the four pillars of the post-2012 climate change regime. Indeed, transfer of environmental related technology and information from developed to developing countries is needed especially because in the latter, municipalities face budget insufficiencies, lack knowledge, lack equipment, and have deficient infrastructure (Abarca et al., 2013). Although the challenge is difficult, some technology transfers have already been successfully implemented. For instance, within a period of 15 years, the Municipality of Durango has improved the overall management of its municipal solid waste by investing in and acquiring new technologies and equipment, and by outsourcing services (Valencia-Vazquez et al., 2014). Another similar project involved Korea transferring waste-to-energy technology to Santiago, Dominican Republic. This project focused on the production of renewable energy with high-energy waste from the city's Rafey landfill to provide a power supply that would foster commercialization in nearby communities and urban areas. However, cooperation among national and local governments proved challenging (Huh and Kim, 2018). While technology transfer and financial assistance, from developed countries to developing countries, are still hard to obtain, the Clean Development Mechanism may provide important opportunities. Under the Clean Development Mechanism, emissions-reduction projects in developing countries can earn certified emission reduction credits. Industrialized countries can meet a part of their emission reduction targets with these transferable credits (UNFCCC, 2018).

The implementation of Aikan Technology in Mexico City presents an important challenge that calls for further research, particularly in terms of economic and political feasibility. Such information is beyond the aim of this study. However, the information generated from this study provides a preliminary overview and is addressed to policymakers seeking to improve the environmental performance of Mexico. This study should also represent a starting point for policies intending to reach bilateral agreements with more developed countries such as Denmark (Coelho et al., 2018), and thus beginning the international exchange of information and strategies. Or, it may represent a first step toward an exchange of knowledge able to promote the development of new technologies aimed to achieve a more sustainable waste management.

CONCLUSIONS

This paper evaluated the environmental performance of the existing waste management system in Mexico City and compared it to the potential scenarios that implement Aikan Technology for recovering biogas used to produce electricity, heat, and biofuel. We concluded that the implementation of Aikan Technology in Mexico City would result in environmental impact reductions, such as climate change mitigation (−155 and −89 kg CO2eq ton−1 of organic waste for S1 and S2, respectively), fossil fuel depletion (−52 and −10 kg oil eq ton−1 of organic waste for S1 and S2, respectively), and cumulative energy demand (−3557 and −452 MJ ton−1 of organic waste for S1 and S2, respectively). The best option investigated would utilize the Aikan Technology to produce compost and biogas that is subsequently used to generate electricity and heat. However, the impact reductions are lower when biogas is exploited for generating biofuel.

This paper represents a first step toward a complete assessment of a potential technology transfer between Denmark and Mexico. As such, economic, political, and socio-cultural aspects are not considered in this study and further examinations are therefore needed. This study provides relevant information in terms of environmental performances and thus constitutes a preliminary reference point demonstrating the potential environmental benefits of technology transfer between developed and developing countries.
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