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Abstract

:

The aim of this study is to assess the environmental impacts of household life cycles in Santiago, Chile, by household income level. The assessment considered scenarios associated with environmental policies. The life cycle assessment was cradle-to-grave, and the functional unit considered all the materials and energy required to meet an inhabitant’s needs for one year (1 inh/year). Using SimaPro 9.1 software, the Recipe Midpoint (H) methodology was used. The impact categories selected were global warming, fine particulate matter formation, terrestrial acidification, freshwater eutrophication, freshwater ecotoxicity, mineral resource scarcity, and fossil resource scarcity. The inventory was carried out through the application of 300 household surveys and secondary information. The main environmental sources of households were determined to be food consumption, transport, and electricity. Food consumption is the main source, responsible for 33% of the environmental impacts on global warming, 69% on terrestrial acidification, and 29% on freshwater eutrophication. The second most crucial environmental hotspot is private transport, whose contribution to environmental impact increases as household income rises, while public transport impact increases in the opposite direction. In this sense, both positive and negative environmental effects can be generated by policies. Therefore, life-cycle environmental impacts, the synergy between policies, and households’ socio-economic characteristics must be considered in public policy planning and consumer decisions.






Keywords:


LCA; city metabolism; environmental management












1. Introduction


Urban areas are considered the home of prosperity and development and large consumers of resources, which generate pollution, unsustainable growth, and social inequality [1]. Urban areas are responsible for 75% of the planet’s resource and energy consumption and 80% of global CO2 emissions [2]. This situation will worsen, considering that today around 50% of all inhabitants live in cities [3], and estimates indicate that this number will reach 68% by 2050 [4]. Thus, there is an increasing focus on consumption as an essential driver of social metabolism [5]. It has also shifted the focus to consider the requirements associated with the final sector demand, including that of households [6]. Beginning in the 1990s, older approaches evolved to take into account consumption [7], and new approaches appeared, such as integrated production or sustainable consumption and production policies [8,9], with particular focus on household consumption [7].



A household is defined as a group of persons who share the same living accommodation, pool some, or all, of their income and wealth, and consume certain types of goods and services collectively [6,7]. Households are significant drivers of the economy. Their consumption behavior triggers many economic activities along the supply chain of each product and service, which subsequently involves using resources and the release of emissions [10]. For this reason, the household might be regarded as ultimately responsible for environmental impacts occurring over the life cycle of products and services [10].



Many studies have focused on the resource consumption and environmental impacts of households. According to Matuštík and Kočí [11], personal consumption is among the most significant contributors affecting the global environment. Newton and Meyer [12] studied urban resource consumption such as water, energy, domestic appliances, and transport before concluding that it is more affected by contextual factors (household, dwelling and location) than individual ones (structural and attitudinal). Similarly, Froemelt et al. [10] assessed household consumption behavior. However, they focused their attention on assessing environmental impacts, proposing new approaches to determine their variability. The application of this approach demonstrates that within similar socioeconomic household types, different archetypes can be found. The proposed approach could lead to a better understanding of consumption patterns and the future support of environmental policymakers targeting specific consumer groups. In this sense, understanding the variability of consumption patterns and associated environmental impacts is required to devise targeted environmental policies [10]. Kalbar et al. [13] analyzed how urban lifestyles impact the environment. They applied a life cycle assessment approach coupled with personal metabolism, which determined that demographic parameters such as income level and respondent age strongly influence environmental impacts. Diet choices, private car use, and household size also significantly influence consumption-related environmental impacts.



Impacts associated with household consumption are generally calculated through environmental footprints, often pressure-based [14]. Examples include the carbon footprint [15,16], water footprint [17], land footprint [18], and material footprint [19]. All these indicators take a consumption-based approach, i.e., they consider the full life cycle of products and allocate impacts to the final consumer [14]. Life cycle assessment is one of the most widely used tools to assess household consumption’s environmental impacts. In this sense, life cycle thinking and assessment have emerged as crucial approaches to pave the way towards sustainable consumption and production [14]. Several studies implement top-down methodologies to make a general assessment of the impacts of household consumption, such as the environmentally extended input–output model (EIO-LCA) [20], environmentally extended, multi-regional input–output (EE-MRIO) tables [14], among other combinations of LCA and input–output analysis. Alongside this, regional and national statistics and censuses have been widely used to model household consumption [21,22,23].



Top-down methods have the advantage of providing a coherent framework for the allocation of environmental burdens and resource consumption generated by macro-level economic systems. However, they lack product-level detail [14] and do not allow for site-specific analyses associated with households’ socio-economic level and geographical location at the local level. On the other hand, other studies follow a bottom-up approach, based on the LCA of representative products, which are then up-scaled to overall consumption [24]. At the bottom-up level, it is possible to analyze specific geographical locations. Azimi et al. [25] through a survey questionnaire, examined the social impacts of the life cycle of the city of Kabul in Afghanistan. With the ultimate aim of supporting e-waste management in Vietnam [26], 1003 households in Hanoi and Hochiminh’s urban areas, the two biggest cities in Vietnam, were surveyed. Leray et al. [27] conducted research based on a pilot survey conducted in the city of Bangalore, India. The study considered six households whose socio-economic status was representative of India’s new urban middle classes. The results revealed a complex system of interactions between food supply, storage and management practices, and socio-cultural norms. In general, most bottom-up studies identify households’ metabolism and their consumption practices, revealing the types of consumption and the patterns and behaviors that generate them. They also commonly propose actions for environmental policies applicable to urban areas. However, few studies have modeled future management scenarios in urban areas or assessed the effect these strategies might have on households’ environmental impacts.



This study was devised to assess households’ life-cycle environmental impacts in Santiago, Chile, by household income level. In this way, the study sought to identify environmental hotspots and model future management scenarios associated with environmental policies. From the research analysis approach, it was possible to establish the main environmental benefits and adverse effects of decision-making, both those associated at the household level and those applicable at the national or urban level, through public policies.




2. Materials and Methods


2.1. Goal and Scope


The objective of this study was to assess the environmental impacts of households in the city of Santiago, Chile, associated with different levels of household income. For this purpose, the life cycle assessment methodology was applied according to the requirements established by the ISO 14,040 standard [28]. The functional unit (FU), defined as the quantified performance of a system for use as a reference unit [29], was 1 inhabitant/year, which represents the consumption of a single individual in one year [11,23]. The study’s scope considered a cradle-to-grave approach, i.e., from the extraction of raw materials to the end of a product’s life. In this sense, the product system analyzed the extraction of raw materials and fossil fuels, food production and processing, energy production, transport, waste management and disposal, drinking water production and distribution, domestic wastewater collection and treatment. Figure 1 presents the product system used to carry out the household life cycle assessment.




2.2. Life Cycle Inventory


This study used a bottom-up methodology by conducting 300 household surveys in the city of Santiago. This information was complemented with secondary data from scientific articles, commercial databases, and national statistics. The surveys were conducted in three districts of Santiago with different socioeconomic characteristics. The selected districts were Providencia, Macul, and Pedro Aguirre Cerda, representing high, medium, and low socioeconomic levels, respectively. In each district, 100 randomly distributed surveys were conducted, which ensured a sample with different socioeconomic levels in Santiago. To obtain the sample, we used a shape of the urban property division for each district, which was obtained from the Chilean Internal Revenue Service [30]. The urban properties associated with a property roll number were selected randomly and then joined and distributed spatially through the ArcGIS 10.3 program. From this, a sample was generated and distributed throughout all macro sectors of Santiago.



The survey included 10 items and 63 questions, which were asked in the field using QuestionPro software. The items considered were: respondent and family group profile, household income, conditions and habitability, fuel consumption, household solid waste, environmental aspects, green areas, public transport, health system, and food. In the case of food, the information included in the Chilean Ministry of Social Development’s basic family basket was considered. The basic basket considers a threshold of 2000 average daily calories per person and was based on Chile’s VII Family Budget Survey [31]. In this sense, the categories included meats (beef, poultry and pork), fruits, vegetables, legumes, dairy products (yogurt, cheese, milk and butter, margarine), processed vegetable products (bread, flour, rice, oil, sugar, tea and coffee) and eggs. For the consumption of water, electricity, and natural gas, utility bills that contained the last 12 months’ consumption were requested.



Electricity was modeled using SimaPro 9.1 software, considering the National Electricity System (SEN) matrix for 2019, according to Muñoz et al. [32]. The SEN generation for 2019 was 36.8% coal, 26.9% hydroelectric, 18.3% natural gas, 8.2% photovoltaic, 6.2% wind, 2.4% biomass, 0.8% oil and 0.4% geothermal [33].



Public transport (bus and subway) is considered the time elapsed from home to destination (work, school, university, shopping, among others). For the transformation of minutes to kilometers traveled, average speeds were used, 45 km/h for the subway [34] and 14.3 km/h for buses [35]. The survey considered the average monthly consumption of gasoline and diesel fuel used by vehicles in each household for private transport.



Through SimaPro, the Ecoinvent 3.6 databases for vehicles and buses were used. From the same database, food, fuel, water, landfill, wastewater treatment, and subway systems were adapted to local conditions. Due to the non-existence of life cycle approach databases in Chile, national statistics and scientific research associated with life cycle analysis in Chile were used to adapt international databases. For example, for domestic wastewater treatment, information was used from [36], electricity [37], agricultural products [38,39,40] and landfill [41].



The collected and modeled data were allocated among the inhabitants of each household. Households were then classified according to per capita income level. The classification considered five economic quintiles, according to the per capita income ranges presented in Table 1.




2.3. Environmental Impact Assessment


The impact assessment was carried out using SimaPro 9.1 software, selecting the Recipe MidPoint (H) assessment method. The impact categories analyzed were global warming (kg CO2 eq), fine particulate matter formation (kg PM eq), land acidification (kg SO2 eq), freshwater eutrophication (kg P eq), freshwater ecotoxicity (kg 1.4 DCB), mineral resource scarcity (kg Cu eq), and fossil resource scarcity (kg oil eq). These categories were selected as they represent the most commonly used categories within national research and city- and household-specific literature.



From contribution analysis, the main environmental hotspots of the household were identified. Hotspot identification implies identifying elements within the system that contribute to a specific impact category [32]. In this sense, identifying an environmental hotspot allows for identification of opportunities to improve the environmental performance of activities, products, or services of organizations.




2.4. Environmental Management Scenarios


Two scenarios were analyzed to assess the effects of public policies in force in Chile with a time horizon of implementation to 2050. The first is associated with the National Electromobility Policy of the Chilean Ministry of Energy [43]. This policy aims for 100% of the public transport fleet and 40% of private vehicles to be electric by 2050, representing Scenario 2. The second is associated with the 2050 energy policy of the Chilean Ministry of Energy [44], which affects all subsystems of the household product system under study. This policy aims to increase energy production based on renewable sources, reduce the use of fossil fuels, and minimize the national energy matrix’s environmental impacts. Thus, Scenario 2 modelled the 2050 matrix, which considers the following: 48.86% photovoltaic, 27.39% wind, 21.02% hydroelectric, 1.78% natural gas, 0.66% biomass, 0.16% geothermal, 0.09% oil, and 0.04% coal. A third scenario considered implementing the National Electromobility Policy together with the electricity mix change in 2050. Based on the policies, the analyses considered the following scenarios:



Scenario 0: Current situation without the implementation of the policies.



Scenario 1: Public transport 100% electric and private transport 40%, electricity grid 2019.



Scenario 2: Implementation of the 2050 electricity matrix.



Scenario 3: Public transport 100% electric, private transport 40%, and electricity grid 2050.





3. Results and Discussion


3.1. Life Cycle Inventory


Inventory is a fundamental stage in a life cycle assessment, especially when data are collected in the field. These so-called foreground data are generally scarce in household and city life cycle studies as they mainly use top-down information from national statistics. Table 2 presents a summary of the main foreground data collected through household surveys. In the table, it is possible to see that most of the flows associated with each sub-system increase as household income increases.



In water, the Chilean Superintendency of Sanitary Services reported a national consumption value of 162.5 L per inhabitant per day (L/inh/d) for the year 2019 [45]. In this study, the value varies from 153.5 L/inh/d in the first quintile to 247.9 in the fifth quintile. An average consumption of 81.4 m3/inh/year was determined from the sample, which is higher than those reported in Spanish cities, ranging from 39.1 m3/inh/year to 62.9 m3/inh/year [46]. Household solid waste generation also increased with increasing income levels. This environmental aspect increased by over 300% from quintile 1 to quintile 5. The average generation for Santiago obtained in the study was 461 kg/inh/year, which is higher than the 445 kg/inh/year reported by the Chilean Undersecretariat of Regional and Administrative Development for 2017 [47]. Another notable element in the inventory is related to energy consumption, which increased as household income levels rose. The most considerable differences are observed for natural gas, followed by gasoline, diesel fuel, and electricity. In food consumption, eating patterns do not show a clear trend according to household income level. Nonetheless, the first quintile has the lowest consumption.




3.2. Influence of Household Income Level on Environmental Impacts


Several studies have assessed the environmental impacts of households through the LCA methodology. However, the studies have not examined household income level and how this influences environmental impacts. As Figure 2 shows, the higher the household income level (quintile 5), the higher the environmental impacts. This trend is present in all the impact categories assessed, with freshwater ecotoxicity standing out with a 61% difference between the first and fifth quintile.



In global warming, the average impact of a household in Santiago was 3.44 t CO2 eq/inh/year, with the first quintile having a value of 1.98 t CO2 eq/inh/year and the fifth quintile 4.04 t CO2 eq/inh/year. Similar values have been reported in Spanish cities, reaching 2.4 t CO2 eq/inh/year in Barcelona, 4.2 t CO2 eq/inh/year in Madrid and Seville, and 4.3 t CO2 eq/inh/year in Valencia [46]. In this category, the fifth quintile inhabitants double the environmental impacts of the first quintile, which is mainly due to fuel consumption patterns associated with transport. According to Chile’s nationally determined contributions (NDC), the carbon footprint of an average Chilean is 4.7 t CO2 eq/inh/year [48]. In this sense, the metabolism of households in Santiago accounts for 73.4% of the global warming impacts of an average Chilean inhabitant. This percentage varies from 41.9% in households in the first quintile to 85.6% in households in the fifth quintile. Similar values have been reported by Ivanova et al., (65%) [49] and Hertwich and Peters (72%) [15]. Both authors indicate that global greenhouse gas (GHG) emissions are mainly influenced by household consumption. In this sense, the carbon footprint is strongly correlated with per capita consumption expenditure [15]. That is, the higher the household consumption, the higher the GHG emissions. The latter is equivalent to the level of household income.



In Table 3, it is possible to observe the values of the impact category indicators for all the quintiles and categories evaluated. An average Santiago inhabitant generates environmental impacts of 11.3 kg PM2.5 eq/inh/year, 22.5 kg SO2 eq/inh/year, 10.3 kg P eq/inh/year, 92.9 kg 1,4-DCB eq/inh/year, 7.38 kg Cu eq/inh/year, and 710 kg oil eq/inh/year. The average values are strongly influenced by the fifth and fourth quintiles, representing 20.3% and 49.6% of households, respectively. Similar results were obtained by García-Guaiti et al. [23] for terrestrial acidification (45 kg SO2 eq/inh/year) and freshwater eutrophication (1.1 kg P eq/inh/year) for an average inhabitant of Santiago de Compostela in Spain. For the fine particulate matter formation category, the value obtained for a sample from Spain was 6 kg PM2.5 eq/inh/year [46], which is lower than the values obtained in this study. This result may be influenced by the composition of the Spanish electricity matrix where renewable energies reach values close to 40%, while coal and combined cycle represent 13.5% and 10%, respectively. In Chile, coal-based power generation represents 36.8%, which implies higher impacts on the particulate matter formation impact category.




3.3. Environmental Hotspot Analysis


Based on the contribution analysis, it was possible to identify the main household environmental hotspots. As shown in Figure 3, food consumption is the main hotspot, responsible for 33% of the environmental impacts on global warming, 69% on terrestrial acidification and 29% on freshwater eutrophication. In all three impact categories, food is the leading environmental hotspot. In the remaining categories, food accounts for between 11% and 21% of the impacts. According to Hertwich and Peters [15], nutrition is the most important consumption category, with food accounting for nearly 20% of GHG emissions. The second most important source is private transport, generating the highest impacts in the categories of freshwater ecotoxicity—with 59%; mineral resource scarcity—with 55%; fossil resource scarcity—with 35%. It is also the second most important source of global warming—with 22%. The third source of environmental importance is electricity consumption. This flow generates the highest environmental load in the category of fine particulate matter formation, accounting for 45% of the environmental impact. Other impact categories strongly influenced by electricity are freshwater eutrophication and freshwater ecotoxicity, representing the second most important environmental source with 28% and 14% of the impacts, respectively.



In Figure 3, it is possible to observe an inverse relationship between private car use and public transport, which influences the environmental impacts of each quintile. In this sense, the contribution to private transport’s environmental impact rises with household income increase, while that of public transport increases with a decrease in household income. There is no clear trend regarding the contribution to food’s environmental impacts, which is associated with the absence of trends in food consumption according to each quintile.



Within the food group, meat consumption was found to be the primary environmental source in the impact categories of global warming (50–60%), fine particulate matter formation (52–65%), terrestrial acidification (60–71%), and freshwater eutrophication (51–63%). Concurrently, processed animal products account for between 15% and 20% of the impacts in the same categories, reflecting animal foods’ contribution in all four impact categories. In the impact categories of freshwater ecotoxicity, mineral resources scarcity, and fossil resources scarcity, foods of plant origin (vegetables, processed vegetables, and fruits) are the main environmental sources, accounting for between 41% and 69% of the impacts. In this group, vegetables are the primary source, reaching up to 30% of freshwater ecotoxicity impacts, 37% in mineral resource scarcity, and 23% in fossil resource scarcity.




3.4. Scenarios Analysis


Based on Santiago’s modeling, the implementation of two public policies in Chile, projected to 2050, were analyzed. The first (Scenario 1), which is being applied to public transport, projects having 100% of public transport and 40% of private vehicles being electric by 2050 [43]. The second (Scenario 2), associated with energy policy, aims to have at least 70% of the total electricity generation from renewable energy by the same year [44]. Figure 1 presents the modeling of the scenarios mentioned above, the current scenario (Scenario 0), and a scenario that considers the implementation and fulfillment of both policies. It can be seen that the categories of global warming impact, freshwater acidification, and fossil resource scarcity show similar trends in all scenarios. In freshwater acidification and fossil resource, the combination of both policies in 2050 would reduce environmental impacts by 18% and 52%, respectively. In global warming, the reduction would be 34%, which would translate to a carbon footprint to decrease from 3.44 kg CO2 eq/inh/year to 2.3 kg CO2 eq/inh/year.



Furthermore, in the three impact categories mentioned above, a synergistic effect is observed when both policies are applied together. The reason for this is that, in electromobility Scenario 1, transport decreases the consumption of fossil fuels (gasoline and diesel) and increases electricity consumption. However, the change of energy generates a decrease in greenhouse gas emissions. In Scenario 2, only the consumption of fossil fuels in the energy matrix decreases, without affecting transport emissions. In Scenario 3, in addition to applying both reductions (Scenarios 1 and 2), the minimization of fossil fuels associated with electricity consumption in public and private transport is added, a factor not present in Scenarios 1 and 2. Similar results were obtained by Nissinen et al. [50] in their study on the environmental effects of combining policy instruments. They concluded that when a set of instruments is examined as a whole, as combinations of policy instruments or ‘policy packages,’ the synergies between measures can be reinforced, and hence overall effectiveness can be improved.



In the category of fine particulate matter formation, it is observed that the increase in the number of electric vehicles leads to an increase in environmental impacts. Although electric vehicles generate practically zero local emissions of particulate matter, these emissions are generated in electricity generation plants. In this sense, a vehicle loaded with electricity from a coal power plant causes by far the highest burdens in the fine particular matter formation category [51]. In Chile’s case, coal is the main contributor to the electricity matrix with 36.8%, which generates the highest environmental impacts on particulate matter formation in Scenario 2. For this reason, the increase in the electric car fleet in Santiago will have adverse effects on the fine particulate matter formation and freshwater eutrophication impact categories under the current electricity scenario in Chile. However, if electromobility of transport is implemented in conjunction with the electricity matrix’s decarbonization (Scenario 3), environmental impacts are significantly reduced. As shown in Figure 4, impacts in the fine particulate matter formation category could be reduced by up to 72%, which implies the need to move forward in conjunction with both policies.



The scenario analysis shows that the impact categories of freshwater ecotoxicity and mineral resource scarcity increase with the application of both policies, showing a negative synergistic effect on environmental impacts. In the case of freshwater ecotoxicity, the main environmental hotspot in Scenario 1 is electricity consumption. In this sense, the increase in electricity consumption due to the vehicle fleet’s change is reflected in the increase of the impact. It is important to note that the main hotspots for freshwater ecotoxicity in electricity are associated with hard coal production with about 48%, followed by photovoltaic and wind power production with 22% and 18%, respectively. These last two values are high considering that photovoltaic power currently accounts for 8.2%, and wind for 6.2%, of total energy production. As shown in Figure 1, the increase to 48.86% of photovoltaic and 27.39% of wind by 2050 will significantly increase the impacts on freshwater ecotoxicity. Thus, the increase in impacts from the change in the electricity mix, plus the increase in electricity consumption by the electric vehicle fleet, results in the negative effects on freshwater ecotoxicity in Scenario 3. In the case of the mineral resource scarcity category, a similar phenomenon occurs for freshwater ecotoxicity. In this case, future scenarios are strongly influenced by the increase in photovoltaic and wind energy and by the increase in electric cars and electric vehicle consumption. In this category, iron, nickel, aluminum, and copper are the substances that contribute to the highest environmental load. In the case of electric cars, the consumption of iron (21%), nickel (11%), copper (6%), and lithium (6%) for their production and batteries are the main environmental sources. In the 2050 electricity matrix, the consumption of iron (14%), aluminum (12%), copper (9%), and nickel (8%), mainly associated with photovoltaic panels, are primarily responsible for the impact on the scarcity of mineral resources.





4. Conclusions


From this study, it could be determined that the level of household income influences environmental impacts. In this sense, the higher the income level, the more significant the environmental impacts. Aspects associated with food, use of private vehicles, public transport, and electricity were determined to be the main environmental sources of households, and therefore, elements that should be considered in public policies applied at the urban level.



From the analysis of two long-term public policies planned in Chile, it was concluded that electromobility in public and private transport would have positive environmental effects on the categories of global warming, terrestrial acidification, and fossil fuel scarcity. However, it will generate adverse effects on fine particular matter formation, freshwater eutrophication, freshwater ecotoxicity, and mineral resource scarcity. For the policy associated with the decarbonization of the electricity grid, environmental impacts are reduced in most of the categories assessed, except for the categories of freshwater ecotoxicity and mineral resources scarcity. These two impact categories increase with each policy’s implementation, with a negative synergistic effect observed when both are met. On the contrary, achieving the goals of electromobility and increasing the share of renewable energy in the electricity mix by 2050 generates a positive synergistic effect on the household’s environmental impacts. In this sense, the application of both policies will reduce the impacts on global warming, fine particular matter formation, terrestrial acidification, and fossil fuel scarcity. Both negative and positive effects are vital for decision-making and, therefore, should be considered in consumer policies and policymaking.
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Figure 1. Product system used for the life cycle analysis of a household. T: transport, D: distribution. 






Figure 1. Product system used for the life cycle analysis of a household. T: transport, D: distribution.



[image: Sustainability 13 02525 g001]







[image: Sustainability 13 02525 g002 550] 





Figure 2. Comparison of environmental impacts of households at different income levels. GW: Global warming, FPM: Fine particulate matter formation, TA: Terrestrial acidification, FEu: Freshwater eutrophication, FEc: Freshwater ecotoxicity, MRS: Mineral resource scarcity, FRS: Fossil resource scarcity. 
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Figure 3. Household environmental contribution analysis by income level (quintile). 
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Figure 4. Comparative analysis of household scenarios in Santiago. Scenario 0: current situation; Scenario 1: 100% electric public transport, 40% electric private transport, and electricity grid 2019; Scenario 2: electricity matrix 2050; Scenario 3: Public transport 100% electric, private transport 40%, and electricity grid 2050. GW: Global warming, FPM: Fine particulate matter formation, TA: Terrestrial acidification, FEu: Freshwater eutrophication, FEc: Freshwater ecotoxicity, MRS: Mineral resource scarcity, FRS: Fossil resource scarcity. 
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Table 1. Distribution of Santiago inhabitants in quintiles according to household per capita income level (adapted from [42]).
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	Quintile
	From (USD)
	To (USD)
	Households Share (%)





	I
	0
	120
	5.8



	II
	120
	210
	10.1



	III
	210
	315
	14.2



	IV
	315
	560
	20.3



	V
	560
	--
	49.6
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Table 2. Summary of life cycle inventory data of the foreground associated with the functional unit.
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Subsystem

	
Unit

	
Household Income Quintile




	
I

	
II

	
III

	
IV

	
V






	
Water

	
m3/inh/year

	
55.4

	
68.9

	
66.0

	
83.4

	
90.5




	
Fruits

	
kg/inh/year

	
28.4

	
52.1

	
57.9

	
52.8

	
54.1




	
Vegetables

	
kg/inh/year

	
86.0

	
140.1

	
142.0

	
140.4

	
119.4




	
Legumes

	
kg/inh/year

	
8.3

	
17.0

	
18.2

	
19.2

	
14.2




	
Processed products

	
kg/inh/year

	
100.4

	
140.7

	
139.8

	
122.4

	
101.2




	
Dairy products

	
kg/inh/year

	
21.9

	
40.6

	
40.9

	
41.9

	
50.6




	
Pork

	
kg/inh/year

	
2.1

	
6.6

	
10.1

	
6.9

	
4.6




	
Chicken

	
kg/inh/year

	
9.6

	
13.8

	
14.8

	
20.1

	
15.8




	
Beef

	
kg/inh/year

	
7.2

	
10.3

	
12.8

	
15.8

	
15.7




	
Municipal solid waste

	
kg/inh/year

	
153.7

	
295.7

	
218.8

	
369.9

	
637.2




	
Electricity

	
kWh/inh/year

	
569.7

	
778.0

	
753.2

	
861.7

	
1204.5




	
Liquefied petroleum gas

	
kWh/inh/year

	
7500

	
11,389

	
10,278

	
16,667

	
7222




	
Kerosene

	
kWh/inh/year

	
277.8

	
527.8

	
305.6

	
611.1

	
555.6




	
Natural gas

	
kWh/inh/year

	
55.6

	
277.8

	
1944.4

	
1388.9

	
3333.3




	
Gasoline

	
kWh/inh/year

	
6111

	
6389

	
4722

	
10,556

	
21,389




	
Diesel fuel

	
kWh/inh/year

	
0

	
1944.4

	
2222.2

	
3333.3

	
5277.8




	
Wastewater

	
m3/inh/year

	
44.3

	
55.1

	
52.8

	
66.7

	
72.4
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Table 3. Household environmental impact assessment by income level (quintile).
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Impact Category

	
Unit

	
Household Income Quintile




	
I

	
II

	
III

	
IV

	
V






	
Global warming

	
kg CO2 eq

	
1980

	
2616

	
2726

	
3363

	
4038




	
Fine particulate matter formation

	
kg PM2.5 eq

	
7.9

	
9.9

	
9.6

	
10.9

	
12.7




	
Terrestrial acidification

	
kg SO2 eq

	
13.3

	
18.6

	
21.8

	
23.6

	
24.1




	
Freshwater eutrophication

	
kg P eq

	
0.65

	
0.83

	
0.82

	
0.97

	
1.20




	
Freshwater ecotoxicity

	
kg 1,4-DCB

	
47.5

	
61.7

	
54.8

	
80.0

	
120.7




	
Mineral resource scarcity

	
kg Cu eq

	
4.0

	
5.0

	
4.5

	
6.4

	
9.5




	
Fossil resource scarcity

	
kg oil eq

	
431

	
553

	
515

	
719

	
828
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