
Introduction

Background regarding cities and urban metabolism

Due to rapid urbanisation, the environmental load connected with production and consumption activities in 

today’s cities is continually increasing. According to the United Nations, cities occupy more than 55% of the 

population, which is projected to increase to 68% by 2050 [1]. Cities are the biggest consumers of global resources, 

consuming 75% of the world’s resources (inputs) and generating more than 70% of the world’s greenhouse gas 
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A B S T R A C T

Household metabolism evaluation is an important concept for urban development because it helps in 

resource efficiency transition. This research is intended to map the current household metabolism 

literature to discover and highlight the obstacles to household expenditures in terms of food 

consumption and waste produced, as well as the environmental impact of sustainable consumption in 

cities. The study systematically reviews the papers on household metabolism in cities from 1995 until 

the end of March 2021. We used the PRISMA framework for systematic literature searches in Web of 

Science, SCOPUS, Science Direct, and other databases. Only 71 papers were declared acceptable for 

review in the analysis after a thorough selection procedure, and we chose only 58 for quantitative 

analysis. Additionally, we conducted a bibliometric analysis of the literature to highlight countries’ 

efforts on household metabolism. The results revealed that most of these studies are focused on 

specific domains (e.g., direct and indirect energy, water, or waste production), but few studies focused 

specifically on household food metabolism, waste, and indirect energy as a result of food consumption. 

The paper concludes after analysing the literature and methodologies used for quantifying and 

evaluating direct and indirect environmental loads, factors of food consumption and waste resulting 

from households, and their potential application in sustainable development to ensure sustainable 

consumption and production patterns and resource efficiency. Finally, we linked the identified results 

from the recent findings with policies and identified areas for future research needs.
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emissions and half of all global discharged materials 

into the environment (outputs), including emissions to 

the air from industrial and household wastes [2-4].

Growing cities and urbanisation make urban cities 

more complex, which is due to the continuous increase 

in production, consumption, and waste causing alteration 

of land to urban practices, reduction of natural 

resources, and the removal of urban waste [5] and [6].

Individual consumers and household activities have 

a crucial role at the urban level in terms of sustainable 

development plans, where unsustainable resource use 

causes air and water pollution, waste discharge, global 

climate change, and greenhouse gas emissions [7-9].

From a resource usage and management standpoint, 

urbanisation and its demographic characteristics have 

been studied [10]. A key topic is the idea of urban 

metabolism of debate on cities as promising in 

interdisciplinary research for facilitating appropriate 

measures of material consumption and waste recycling 

for achieving city sustainability [1, 11-14], quanti-

fication of raw materials, and energy supply to indicate 

that resource usage and waste production are within 

the territorial or international load capacity or assi-

milative ability [15, 16].

“The urban metabolism of a city can be defined as 

all the materials and products needed to sustain the 

city’s citizens at home, at work, and at play... The 

metabolic cycle is not completed until the wastes and 

residues of daily life have been removed and disposed 

of with a minimum of nuisance and hazard” [17].

According to Kennedy et al. (2007), urban meta-

bolism is the estimation of energy, water, nutrients, 

materials, and waste inputs, outputs, and storage in 

urban areas and is evaluated through material flow 

analysis (MFA), urban metabolism analysis, or ecolo-

gical footprint (EF) analysis (as shown in Figure 1), 

as well as life cycle analysis [5]. Information about 

environmental inputs and outputs analysis and life 

cycle assessment is complemented with data on the 

environmental information associated with consumer 

goods and services as expenditure information. To 

better understand urban metabolism, there are a lot of 

moving parts in urban metabolism, and it’s important 

to know what factors influence the flows (see Figure 2).

The UM approach can maximise the efficiencies of 

the flows and reduce outputs such as pollution and 

waste [20]. It offers a thorough method of urban 

planning and investigates the relationships between 

waste streams, the standard of living, and resource 

flows and urbanization processes [15]. However, 

strategic urban planning systems that have been 

developed over the past decades based on the concept 

of urban metabolism have mainly focused on land use, 

Figure 1. The Idea of Urban Metabolism: Types of Inputs 

and Outputs [18].

Figure 2. The five inter-related elements of urban metabolism. source: [19].
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transportation, and energy use [21]. Recently, several 

policies related to waste reduction, zero land con-

sumption, and resource efficiency have been deve-

loped to help cope with these problems, and two key 

concepts have received attention: the circular economy 

(CE) and urban metabolism (UM).

Urban metabolism assessments differed by country, 

region, neighbourhood, and household [22, 23].

An overview of household metabolism and 

consumption

The household, defined as a group of people who 

together provide the provision of food, shelter, and 

other necessities for living, is a basic socio-economic 

unit in human societies, so understanding trends and 

patterns of family size and composition can guide 

efforts towards achieving the 2030 Agenda for Sus-

tainable Development [1]. On the other hand, food 

waste is a significant waste stream coming from 

households. Agenda 21, Chapter 4, “Changing Con-

sumption Patterns,” pointed out that unsustainable 

household consumption is a global environmental 

problem [24].

The urban metabolism study has increasingly 

progressed to a multi-scale level. The study included 

the home scale [25, 26] (Figure 3).

Household metabolism encompasses both the 

resource demand, which describes the materials and 

energy required to support these flows indirectly, as 

well as the direct flow of materials through homes, 

including emissions [28, 29]. This concept is identified 

as a contributing factor to the metabolic activity observed 

in metropolitan areas [29].

With the growing concern about climate change, 

researchers have looked into home greenhouse gas 

(GHG) emissions due to direct and indirect emissions. 

For instance, some researchers did not consider the 

individual effect of climate and considered it minor, 

i.e., the food waste in household metabolism, and no 

statistical confirmation has been made [30]. Therefore, 

it is suggested that individuals reassess how to address 

resource and environmental challenges through human 

activities on a local home level.

Households are represented as one process, con-

verting food inputs into waste output [31]. The house-

hold waste came from consumer activities [32]. Solid 

waste is mostly treated in landfills; methane pro-

duction has an environmental impact at the local and 

regional levels.

Household consumption necessitates the use of 

water, energy, and materials at all levels of the eco-

nomic process, affecting the environment both directly 

and indirectly throughout the manufacturing process. 

Household consumption is a major contributor to 

rising environmental impacts such as natural resource 

depletion and trash generation [33]. Due to a paucity of 

data, insufficient research has looked at socio-economic 

metabolism and its effects on the environment at the 

household level.

Sustainable consumption and production (SCP) 

were defined by the Oslo Symposium in 1994 as the 

use of related services and products that respond to 

basic needs and achieve a better quality of life while 

reducing the use of natural resources and toxic 

materials, in addition to emissions of waste and 

pollutants over the life cycle of the service or product, 

so as not to affect the needs of future generations [34]. 

The concept of SCP was subsequently recognised in 

the Johannesburg Plan of Implementation, adopted in Figure 3. The multiple scales of urban metabolism [27].
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2002 at the World Summit on Sustainable Development 

(Department of Economic and Social Affairs, 2015). 

All nations should promote sustainable production and 

consumption habits, with industrialised countries 

leading the way and all countries benefiting from the 

Rio+20 Action Plan [35].

The household sector is the main area of sustainable 

consumption research. The concepts of household 

metabolism are introduced in this systematic review to 

analyse the environmental impacts of household 

consumption. Household consumption levels are far 

beyond sustainable; as a result, an inclusive strategy 

could assist in taking meaningful steps in that direction 

[36, 37]. Since the household sector is considered to be 

a main producer of varied types of waste, household 

metabolism is of interest to scientific researchers and 

decision-makers for setting government policies aimed 

at minimising the risks of climate change and global 

air pollution [38]. To achieve sustainable consumption 

patterns in sustainable cities, we should comprehend 

household metabolism, its driving forces, and its 

potential for change.

The causes of household food waste are complex 

and not yet fully understood, particularly how food 

consumption affects waste production. While major 

environmental impacts are derived from food pro-

duction (agriculture, food processing), families influ-

ence these impacts through their food choices and 

habits. This, in turn, impacts the environment due to 

energy consumption and waste generation associated 

with food.

In the course of our investigation, we came across 

two recent systematic reviews of the current literature 

on household food waste. Schanes et al. (2018) con-

ducted the first review, which identified processes 

involved in household food waste generation, such as 

shopping, storing, cooking, eating, and managing left-

overs [39]. The second study, “Household Wasteful 

Behaviour Framework,” by [40], is a novel conceptual 

model construed to explain precisely and theorise food 

waste behaviour at the household level, and it is a 

twenty-year systematic literature review on consumer 

food waste that spans the years 2000 to 2018. These 

two studies focus on household food consumption and 

waste. They fit within the household metabolism frame-

work, which includes planning and shopping as inputs, 

cooking, eating, leftovers management, and planning. 

Using the metabolic framework illuminates over-

looked processes contributing to the environmental 

influence of household food waste. In our systematic 

review, we incorporate discussion of household food 

metabolism, both input and output, including food 

consumption, indirect energy, and waste production.

Aims

This systematic review seeks to contribute to the 

field of household food metabolism and classify trends 

and knowledge breaches by providing a compre-

hensive understanding and measuring food and waste 

flows in household city-regions using household 

metabolism guidelines, which will help improve it in 

the future to maintain sustainable consumption initi-

atives. It assesses the environmental influences of 

household food consumption in terms of environ-

mental, social, and economic indicators arising from 

household food consumption and food waste 

by-products, particularly using the household urban 

metabolism concept, which considers the production, 

consumption, and disposal of food consumed. Evalu-

ations have mostly focused on certain important 

topics, particularly the methodologies used, food 

consumption patterns, the waste generated from food 

consumption, and some solutions as mitigation 

measures to reduce the environmental load, such as 

packaging minimization. Instead of covering all 

aspects of household consumption metabolism, we 

just focused on food consumption and its related waste 

production to better comprehend the environmental 
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pressure of household consumption. Based on the 

important issues and gaps that have been recognised, 

in conclusion, a synthesis of the applicable chances 

and hurdles met by research in this area is displayed.

Research question: household metabolism and 

household food waste

∙ What are the main topics in households’ food 

consumption and urban metabolism? How have 

these topics been used to assess city support for 

sustainability?

∙ What methodology is used to analyse a house-

hold’s food metabolism? (as shown in Figure 4)

∙ What policy suggestions can be found from these 

studies?

Methods and Materials

The systematic review approach intends to answer 

specific research questions by gathering all empirical 

evidence from eligible studies, conducting qualitative 

analysis, examining the content, and identifying current 

topics or areas of knowledge [42]. Following a lite-

rature review, the study used content analysis to 

identify themes and organise qualitative data to better 

understand how the household metabolism approach is 

used in the context of food consumption to reduce the 

environmental impacts of food waste and achieve 

city-level sustainability.

Systematic Literature Review: Methodology 

and Review of Household Metabolism

In order to address the research questions on house-

hold metabolism, this paper was based on a “sys-

tematic review” methodology centred on household 

food metabolism and waste reduction towards urban 

sustainability. A systematic review collects a sub-

stantial amount of available academia from several 

databases using a defined search strategy to evaluate 

developments and concepts around a specific chosen 

topic, evaluate changing trends in publication patterns, 

assess gaps or problems, and suggest future research 

Figure 4. Schematic representation of the different methodologies used for calculating household requirements, 

emissions, and wastes (based on [41]).
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based on the findings of the study. Developing and 

implementing a research strategy to find eligible 

papers to answer the research objectives was the first 

step in the systematic review method. The second 

phase of the review process was to examine the articles 

that had been obtained and decide which ones to go 

over in depth.

We started by looking at the relationship between 

“household metabolism” and “food consumption.” 

Initial keyword searches turned up over 681 records 

for “household metabolism,” demonstrating how 

closely the two ideas have grown intertwined. By 

limiting our criterion to papers published in the last 25 

years and excluding “trash,” we were able to cut the 

number to just over 163. The next stage was to define 

“food consumption” and “food waste,” fully aware 

that such definitions would likely influence the kinds 

of narratives we would encounter. To find household 

metabolism studies with a special focus on household 

consumption and waste reduction among the extensive 

literature, we searched all popular metabolism studies 

focusing on a household level. Based on our know-

ledge of household metabolism research, on the one 

hand, and of environmental assessment studies, on the 

other, we devised a more specific, and thus more 

restrictive, set of key words. Instead of “household 

metabolism”, we used derivatives of the following: 

“household food metabolism,” “food consumption,” 

“waste management,” “food waste,” ‘waste production”, 

“sustainable”. While the main search term used was 

“(Household metabolism (metabolism OR metabolic 

flow or catabolism and anabolism) AND (Food 

consumption or consumer) AND (food waste OR 

waste OR organic waste) AND (Environmental impact 

OR loads or quality) AND (Nexus OR connection or 

relation) AND (Household consumption OR house-

hold expenditure or family expenses)”.

The electronic databases, including Scopus, Web of 

Science, Science Direct, TandF Online, Emerald, and 

Wiley Online Library databases, were searched. The 

mentioned databases were chosen to carry out my 

search because of the breadth of fields they cover, 

following a complimentary search in Google Scholar. 

All the studies referred to here are original research 

papers published in English in electronic form. The 

review includes studies from household metabolism at 

global scales as cases worldwide. The review was 

restricted to articles regarding household food meta-

bolism and food waste in urban contexts. Nonetheless, 

articles based on search terms focusing on generic 

urban metabolism and discussing household meta-

bolism (for example) were included. Sources searched 

using the search string are shown in Table 1.

Developing and implementing a search strategy is 

the first step in the systematic review process, which 

aims to classify studies suitable to answer the research 

questions. After that, we can summarise the evidence, 

provide reliable findings, and conclude. Three study 

Table 1. Keywords used in the literature search strings to retrieve articles

Inclusion concept 1 Inclusion concept 2 Inclusion concept 3

Household metabolism,

Household metabolic flows,

catabolism and anabolism,

Household or neighbourhood material or 

substance flow, cost accounting, and life cycle 

assessment and analysis, input-output, hybrid, 

and energy.

Food consumption

Raw material consumption,

household expenditures and 

family expenses

 

waste reduction,

demolition waste generation,

waste generation, waste flow,

household waste reduction, resource anabolic and 

catabolic processes, material extraction, utilisation, 

and production, decomposition, recycling, and 

reuse of wastes, Material discharges;

Environmental quality, Environmental impact, 

Environmental loads
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types were considered in a systematic review: (I) Case 

studies that examine temporal variability in urban 

household consumption; (II) Case studies that examine 

wide heterogeneity in urban household metabolism 

consumption; and (III) Assessments that examine case 

studies that look at temporal or wide heterogeneity in 

household food metabolism.

Quality Assessment

This review looks at both published and un-

published publications to find the best results and 

overview previous data. The archives’ findings, 

abstracts, and conclusions were separated to keep the 

archives small. The references cited in the examined 

papers were also taken into account. To eliminate 

duplication and improve intended findings, records 

were verified numerous times, and irrelevant research 

was discarded. After the database search, the dupli-

cates were removed, and the remaining titles were 

evaluated. Following the search of these databases, 

manual searches of references from similar earlier 

evaluations were conducted to find new papers. The 

initial search covered entries published between 2010 

and the end of March 2021. After completing the full 

article screening procedure, the lower bound was 

changed to 1995 due to the low quantity of articles 

published between 2010 and 2021. In the initial stage, 

after saving the searched-for articles from the various 

databases on Mandel and Zotero, we transferred them 

to Covidence for inclusion and exclusion purposes, 

which enabled me to reduce the time per review and 

delete the duplicate articles. After primary scanning, 

we transferred our saved article to Excel.

In order to assess the current literature, this research 

Figure 5. An overview of the research process, showing the number of papers identified at each stage (PRISMA flow 

diagram, under Creative Commons Attribution Licence [43].
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used the PRISMA framework [44]. Scoring for papers 

on home metabolism yielded the most relevant results, 

as stated in the PRISMA guidelines, focusing on food 

metabolism and its related waste (as shown in Figure 5).

The review excluded redundant studies. For example, 

if there are two studies from the same authors using the 

same methodology, an example of the excluded articles. 

Despite their distinct differences, all the studies utilise 

the same framework developed by a single author, 

ensuring that the indicator categories are not dupli-

cated. Regarding the exclusion criteria, each study that 

met the criterion of multiple authors using the same 

frameworks or citations of those studies was counted 

as unique authors using this framing in the analysis. 

The same author’s duplicate framework, however, was 

not included in the first instance since it shows that the 

researcher is still using their framework.

Included Studies

After selecting documents for systematic review, 

quality verification of the analysis performed on the 

chosen research papers is performed. For descriptive 

analysis of the home metabolism literature, consistent 

metadata was initially imported into Microsoft Excel. 

Hence, a comprehensive content analysis was performed 

to classify and examine the main investigation of the 

contents, emphasising potential problems and oppor-

tunities for future studies. Content analysis is a method 

of document analysis that seeks to describe and 

quantify the content of clear communication about 

predetermined groups in a systematic manner, allowing 

for the inclusion of reproducible and valid texts.

The literature was selected after filtering the results. 

First, 681 articles focusing on household metabolism 

in general were selected based on the content of their 

abstracts, titles, and keywords. The articles were classi-

fied based on subject (environmental science and 

social science), source type (journals, reports, theses, 

electronic books), document type (article, review, 

thesis), and language (primarily English, except for 

articles in other languages or incomplete papers), 

resulting in a total of 71 articles. Ultimately, these 

publications were studied in-depth using qualitative 

content analysis, and only those that provided parti-

cular information and related to the household food 

metabolism idea were chosen. The articles that were 

excluded from this study are out of the scope of 

household food metabolism and focus on areas not 

related to the research goals and research questions. 

We deleted the articles that did not deal with the 

household metabolism of food waste. This filtering 

process resulted in a total of 58 articles. Then, a 

modified context, indicator, mechanism, and outcome 

(CIMO) technique was used to systematically record 

article information relating to the research’s main goal. 

In this case, context (C) refers to the research abstract, 

background, and goal; indicator (I) is the quanti-

fication component of each aspect and is the inter-

vention part of the original CIMO approach; a 

mechanism (M) is a method for measuring or 

evaluating an indicator; and outcome (O) refers to the 

expected impacts that can be applied.

Results and discussion

This systematic review examines the methods 

employed, the description of metabolic patterns across 

various length scales, and the conflicts that emerge 

when interpreting these patterns in relation to socio-

economic factors. Ultimately, the study highlights key 

challenges and gaps, presenting a range of important 

opportunities and issues for further research in this 

area.

Overview and general patterns

Urban household metabolism studies are a growing 
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research field, with a high peak number of publications 

in 2014, as shown in Figure 6. Many old articles from 

1998 have been republished in books, but those were 

not duplicated in 1998. So, the majority of household 

metabolism occurred in 1998.

Figure 7 shows the most cited household meta-

bolism authors’ article study areas.

The distribution of frequencies of the techniques 

employed in the research is shown in Figure 8.

From Figure 9, studies show that developing coun-

tries are more difficult to find. 

The most published journals and electronic books 

on the household metabolism field were done in Euro-

pean countries and China, as indicated in Figure 10.

Urban Household Metabolism

Cities can be examined at household levels, which is 

the smallest structural level [45]. It is useful to first 

analyse smaller components within a city by studying 

household metabolism [33, 46]. Only the inputs and 

outputs of the household are of importance in the 

“black box” concept of metabolism. Because families 

determine a large portion of consumer behaviour, the 

majority of the environmental burden in the economy 

can be attributed to them [26].

As cities develop and require resources to produce 

stocks (such as buildings and infrastructure), they tend 

to have higher inputs than outputs; over time, 

building-up stocks accumulate into waste streams as 

they degrade. As cities grow, the number of inputs and 

outputs becomes increasingly similar, and activities 

like reuse and recycling have a bigger impact on the 

intensity of urban metabolism [47, 48]. The pace of 

household metabolism is determined by several factors, 

including family income, local resource availability, 

**Please note that the number of articles in 2014 was the highest because many old articles from 1998 have been republished in 

books, but those were not duplicated in 1998. So the majority of household metabolism occurred in 1998.

Figure 6. Number of published studies per year (1995-March 31, 2021).

Figure 7. The most cited Household Metabolism authors’ 

articles study areas.
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values, and legislation [28, 49], such as family income, 

availability of local resources, values, and legislation.

Household metabolism is “the integrated patterns of 

resources from nature that flow through and out of 

homes [26],” according to Biesiot and Noorman (1999). 

Household metabolism was defined by Donato et al. 

(2015) as the biophysical evaluation of a household’s 

raw materials, energy carriers, water needs, emissions, 

and wastes produced by patterns of household con-

sumption [50].

All the materials, energy, and waste that circulate 

through a home are collectively known as its meta-

bolism [28, 29, 49-52]. Through indirect and direct 

analysis of substances, household metabolism analysis 

can be used as a foundation to examine different 

environmental management measures, energy flow 

Figure 8. The frequency distribution of the study’s methodology.

Figure 9. Frequency distribution of countries used in the studies.
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analysis and their by-products, and identification of 

the main factors of this metabolism [53]. Household 

metabolism includes three components: materials and 

products that enter homes, discarded products and 

waste that leave homes, and changes in the stocks of 

materials and products inside households [28, 50, 52]. 

The Household Metabolism Concept Model includes 

three types of fluxes: water, energy, and matter, as 

shown in Figure 11. The socioeconomic characteristics 

of a household may have an impact on its metabolism 

[28]. The metabolic framework explains ignored ‘out-

put’ mechanisms such as distributing food and food 

waste redirection that contribute to the environmental 

influence of household food waste [54].

The household food metabolism, sustainability, and 

environmental management

Concerns regarding the environmental effects of 

food consumption, such as resource depletion and 

greenhouse gas emissions from food waste, are grow-

ing. Food intake has a tremendous impact on the 

environment. Changes in consumption patterns have 

been identified as critical stages towards achieving 

long-term sustainability.

In recent decades, a growing number of studies have 

been conducted on household consumption from 

various perspectives, including environmental studies 

that are relevant to household metabolism [28, 41, 49], 

and related policies [28, 41, 49, 55-57].

Household food consumption accounts for 11-19% 

of total consumption, according to [58]. While the [59] 

study considers GHG emissions from household use, a 

broader analysis across Europe was undertaken in 

2006. According to this report, GHG emissions 

account for 31% of food, beverage, cigarette, and drug 

consumption [59].

The majority of the energy consumption and GHG 

emissions in the country come from household 

activities, as well as the transportation of goods and 

Figure 10. The most published journals and electronic books in the household metabolism field.

Figure 11. Household Metabolism Model (Source: [25]).
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services to homes and the management of household 

waste [28]. According to studies, food consumption 

accounts for the greatest portion of a household’s total 

energy requirements, accounting for 20-35% of total 

energy consumption. Food consumption accounts for 

about 16% of total household material flow, and 

emissions account for about 29% of total GHG 

emissions, with animal products accounting for the 

most, animal products have a high GHG intensity, as 

evidenced by the 22% of emissions attributable to 5% 

of total consumption. This finding quantifies both the 

indirect and direct effects of consuming these products 

[53]. Between 1985 and 1990, food and housing 

consumption practices in China accounted for more 

than 80% of household environmental impacts [60]. 

The majority of household metabolism research 

attempts to make significant contributions to the 

sustainability transition by lowering household meta-

bolism rates [29].

Three components make up the household food 

metabolism: input (such as food from retail stores or 

gardens), metabolic processes (such as food prepa-

ration, cooking, storing, eating, and reusing), and 

output (such as donating uneaten food, getting rid of 

spoils, and human waste). One could think of the food 

flows in the home as a component of the metabolism 

[61]. The direct flows and indirect resources needed to 

enable household consumption make up household 

metabolism [49]. Food flows are frequently included 

in studies on household metabolism, despite the fact 

that few of these studies have explicitly addressed the 

food part of household metabolism. Nonetheless, a 

number of studies on household food waste have been 

carried out from a non-metabolism standpoint. Garbage 

trucks pick up neighborhood waste, for instance, but 

there are other ways to gather waste data, like food 

waste. [62]. In addition to what is mentioned, a 

standardised method for collecting household-specific 

waste data does not exist [63].

In Hungary, Dombi et al. (2018) investigated the 

socio-economic metabolism structure and its drivers at 

the household level [64]. The studies reveal that 

household size and income are the primary factors 

influencing material inputs and stocks, suggesting that 

enhancing manufacturing processes could mitigate 

multiplier effects, especially within food supply chains 

[64]. Di Donato and colleagues (2015) look at house-

hold metabolism research to see whether it can go 

beyond the primary emphasis on energy and green-

house gas emissions to include additional material 

flows that support and can be attributed to consumer 

spending [50].

Environmental Impact of Food Consumption 

A series of publications by researchers on household 

metabolism link consumption to environmental pollu-

tion. There are increasing trends in per capita resource 

input and waste production; such studies were con-

ducted in China [32]; Sweden [65]; Bangalore in India 

[66]; Singapore [67], and Israel [53].

The impact of household consumption on the 

environment can be directly assessed through ecolo-

gical footprint analysis. For instance, a study in York 

City by Barrett et al. (2002) revealed that 22% of food 

brought into York goes uneaten and ends up in land-

fills, contributing significantly to the city’s ecological 

footprint [68]. In China, research by Zhiying & Cuiyan 

(2011) highlighted a concerning trend where per capita 

ecological carrying capacity is in deficit, particularly 

worsening from 2002 to 2007, emphasising the need 

for environmentally friendly consumption practices 

[69]. Similarly, a study in Mumbai by [18] found that 

over 30% of food brought into the city is wasted, with 

domestic garbage constituting a significant portion.

Food production has both direct and indirect 

environmental consequences. The energy used in food 

production (embodied energy) is thought to be a good 

measure of the environmental influence because many 
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environmental issues, such as climate change, are 

linked to food production. According to studies, food 

consumption accounts for 20-35% of a household’s 

total energy use. Barrett et al. (2002) state that the total 

ecological footprint of food consumption includes 

both the actual pasture or cornfield area needed to 

produce the food and the theoretical “energy land” 

area required (to sequester carbon from CO2 emissions 

linked with its embodied energy) [68].

Certain studies focus on the consumption process at 

home [70]. There aren’t enough systematic data on the 

materials needed for homes, other kinds of emissions, 

and wastes besides CO2. Studies that take into account 

emissions and losses other than CO2 are rare [48].

Few studies specifically address food consumption 

in household metabolism, with the majority of studies 

focusing on energy consumption. Whereas there are 

exceptional studies, the study carried out by [71] 

examined the movement of C, N, and P within homes, 

taking into account the nutrients found in food and its 

waste, and found that 61% of N and 85% of P, but only 

5% of C input, occur via household food, which 

suggests that making some changes in household 

consumption behaviour will lead to a great reduction 

of C, N, and P fluxes without major lifestyle changes.

Food consumption is the primary source of 

phosphates, which develop less than threefold with 

consumption. Nonetheless, the metabolism of phos-

phorus in household consumption as a system has not 

been clearly described and needs further in-depth 

study [72]. Phosphorus would accumulate in the urban 

environment due to rapid urbanisation and economic 

development, as well as limited waste disposal capa-

city [73].

Variability in household energy demand has been 

researched in cities or regions using the urban/regional 

metabolism framework, such as in Europe [28, 74-78]. 

Smaller households consume more resources per 

capita [74]. According to a study of Norwegian house-

hold metabolism, a person in a one-person household 

consumes approximately twice as much energy as a 

person in a four-person family. Throne-Holst and 

colleagues [74]. By analysing both the direct and 

indirect demand for energy (for example, the energy 

embodied in goods and services), according to the 

household metabolism principle concept, these input 

flows are related to generating waste residues as an 

output. Indirect energy use is defined as the energy 

needed to produce and transport goods, such as food, 

to the house [28, 74].

The Czech Republic’s household consumption 

patterns of food, water, and energy have been studied 

in relation to their environmental impact [79].

After researching energy needs in Northern Euro-

pean cities, including Swedish cities, Moll et al. (2005) 

came to the conclusion that all nations had substantial 

energy expenses in the food category and that indirect 

energy consumption was highest overall, second only 

to transportation and recreation [28]. A highly 

separated count of the water, energy, and goods flows

—including food—in a selection of households was the 

goal of Harder’s (2014) studies [80].

Rosado & Ferro (2008) found that food, beverages, 

tobacco goods, and chemical and non-metallic pro-

ducts account for the majority of household energy use 

and CO2 emissions [81]. When embodied energy is 

compared to home energy use, it is obvious that 

embodied energy accounts for more than half of 

overall energy consumption, indicating the need for 

policy and efficiency measures [81].

Large energy and water inflows are identified in a 

Macao energy study [82], with heat dispersion due to 

waste incineration as the dominant solid waste manage-

ment strategy and the largest contributor to energy 

loss. One of Lei and colleagues’ recommendations is 

to capture and reuse the heat energy for local elec-

tricity generation [82]. They also advocate incorpor-

ating trash reduction measures to reduce incineration’s 
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negative environmental effects.

The studies within the field of socio-economic 

metabolism focus on the macro-level approach to 

household metabolism, which involves resource use 

and emissions driven by aggregate household consum-

ption. In most cases, energy usage and emissions of 

GHG are the primary foci of the investigations, as 

highlighted by [50] and [83].

Although Dutch householders are willing to accept 

almost all energy-saving policy measures, they also 

show their willingness to pay more to maintain their 

comfort and pleasure while reducing the environ-

mental impact of their consumption than if they were 

to give up some of their quality of life, according to 

psychological and behavioural studies examining the 

relationship between consumption and environmental 

awareness [84]. Quality of life indicators (QOL) have 

been used in some studies for evaluating the impacts of 

social and psychological barriers, environmental 

conditions, and consumption, as in [84] study. 

On the other hand, respondents appeared to be more 

prepared to pay to maintain their comfort, indepen-

dence, and enjoyment while minimising their con-

sumption’s environmental impact than to give up some 

of their quality of life. Dürrenberger and Patzel (1999) 

found that technology still has a significant decrease in 

potential for energy consumption compared to food 

consumption when studying direct and indirect energy 

consumption in Swiss households [85]. They measured 

the sustainability of food consumption using measures 

such as per capita energy uses for food consumption 

by product categories. They claim that behavioural and 

lifestyle changes have a greater impact on food and 

mobility consumption sustainability than technolo-

gical advancements. The drivers of household food 

consumption choices that are sustainable, as establi-

shed in the literature on sustainable consumption, are 

presented in Figure 12. 

For sustainability, household metabolism investigates 

focus on ordinary consumption, which is often excluded 

Figure 12. Determinants of the Sustainability of Food Consumption [85, 86].
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from consumption studies [59]. Many other kinds of 

research employing input/output frameworks have 

been conducted on sustainable consumption. Regarding 

the importance of food, shelter, and mobility as the 

most energy-intensive categories, [87] and [88] 

reached the same conclusion as [75] and [28]. The 

study by Carlsson Kanyama et al. (2005) highlights the 

challenge posed by varying levels of available 

information across European countries [75]. Some 

statistical organisations collect disaggregated regional 

data on material extraction and consumption through 

bottom-up or input-output (IO) analysis, contributing 

to the complexity of comparative analysis. This 

disparity makes comparative analysis more complex 

and underscores the necessity for systematic and 

standardised data collection methods.

One of the household metabolism studies shows that 

Northern European householders are consuming at 

unsustainable rates [49].

According to one of the home metabolism studies, 

Northern Europeans consume at unsustainable rates. In 

terms of initiatives, the ToolSust (Instruments for 

Eco-Friendly Homes in Tomorrow’s Cities) project 

published a report on household metabolism for five 

European cities in 2003, which emphasised the 

interactions between lifestyles and household meta-

bolism patterns as well as the implications for sus-

tainability [74].

Harder and colleagues (2014) devised a smartphone 

application for tracking food purchases and consum-

ption and the generation of food waste [80].

Frostell et al. (2015) suggest a programme to model 

“household metabolism” and its carbon footprint, 

which covers transport, purchases, energy use in the 

home, and more [46]. They present it as a web-based 

“footprint calculator” of “household metabolism, and 

they named the tool EcoRunner, which uses bottom-up 

and top-down methods to address household meta-

bolism while taking environmental pressures into 

account. The study measured the average single 

Swedish household expenditures and explored options 

for reducing the impact. The assessment shows 

significant environmental impacts arising from food 

and drink, alcohol-free beverages, and gasoline for 

private vehicles (e.g., a car), and air transport. Another 

initiative called the HOMES project addressed 

household metabolism as an effectively sustainable 

project. The project aimed to diagnose and evaluate 

household metabolism in the Netherlands [49, 89].

Food Waste

The reduction of metabolic fluxes, i.e., resource 

inputs and waste outputs, is necessary for a city’s 

sustainability. This will improve human living 

conditions, including social amenities and health. 

Household metabolism is the subject of a wide range 

of studies, many of which aim to identify factors that 

influence the pace of household metabolism or reduce 

household metabolism rates by promoting more 

sustainable consumption patterns. These studies, which 

are frequently discussed in the social sciences, go 

beyond family metabolism and focus on behavioural 

elements of consumption, consumption choices, and 

household habits, among other things.

Household waste and emissions are another impor-

tant aspect of household metabolism and the associ-

ated environmental aspects. According to Newman 

(1999), wastes can be managed, but energy is needed 

to convert their contents into any aspect useful, and 

in the end, all materials will become waste [90]. 

According to [90], all carbon products will ultimately 

end up as carbon dioxide, and this cannot be recycled 

again without massive energy inputs, which in them-

selves have associated waste.

Food waste produced from resource consumption 

represents the largest fraction of municipal solid waste 

worldwide. Food waste in consumer households is a 

sustainable development challenge [91]. Food waste 
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has significant environmental, economic, and social 

impacts [31]. Since the bulk of food waste occurs at 

the point of household consumption, food consum-

ption is accountable for 33% of the environmental 

impact on global warming, 69% on terrestrial acidi-

fication, and 29% on eutrophication of freshwater [92, 93].

MFA has evaluated the Swiss household’s meta-

bolism since the early 1990s [94]. According to 

Brunner& Rechberger (2016), solid food waste ranges 

from 5-10% of purchased food and beverages [94].

According to Barrett et al.’s (2002) study on York 

City, over 20% of all food and drink that York 

residents bought were disposed of in landfills [68].

Waste influences the amount of indirect energy 

consumed and shapes current patterns of consumption. 

The total of all of the indirect and direct energy 

requirements would be the outcome in the case of 

household energy metabolism [28].

According to Moll, in order to promote sustainable 

consumption, “quantification of the environmental 

load related to consumption is required” [28]. 

Therefore, rather than imposing new behaviors from 

the outside, it’s critical to comprehend household 

dynamics in order to influence waste production. 

Therefore, researching metabolism offers a great 

chance to learn about household dynamics and 

develop long-term solutions.

Domestic consumption is a major environmental 

issue because it leads to abuse of resources and waste 

management [28, 42, 49, 58].

Examining the energy needed for food production, 

processing, packaging, transportation, and disposal 

serves as a good example. Every step involves energy, 

and when that energy originates or is derived directly 

from fossil fuels, greenhouse gas emissions are 

released as a result. All of these activities can be taken 

into account by the household metabolism approach, 

which can also comprehend the true effects of material 

flows, ecological footprints, CO2 emissions, and 

households. It is only after that that strategies and 

solutions to lessen their effects can be identified. This 

offers a chance to formulate the precise policy goals 

required to finally decouple the environment and the 

economy [68].

Certain kinds of waste, such as packaging materials 

and food waste, are expected to enter the waste flow in 

the year of the product’s purchase. It is assumed that 

changes in product lifetime combine effects due to the 

manufacturer’s design age and household metabolism 

effects. Waste models that arise for goods with 

relatively long product lives and that utilise the house-

hold metabolism model are illustrated through waste 

[78].

To decrease food waste, the causes of avoidable 

production of food waste could be looked into. Which 

portion of solid waste adds most to waste generation 

could be estimated using data from gathered recycl-

able solid waste. To calculate the amount of avoidable 

and unavoidable waste of food as bio-waste, the 

packing intensity (i.e., packaging material per unit of 

item) of every item could be calculated using the data 

accessed from recyclable solid waste.

Feng (2012) carried out a pilot study that presented a 

number of challenges in order to determine the meta-

bolism among two Swedish houses by collecting 

organic and recyclable waste and purchase receipts [95].

Overview of the Household Metabolism Assessment 

Methodology in the Literature 

Household metabolism is measured in terms of 

physical flows (both direct resource flows through 

households and indirect flows required to meet 

household consumption) and environmental conse-

quences. Several studies examined residential material 

and energy flows as well as industrial and megacities, 

resulting in an estimate of environmental implications. 

EIA [53, 82, 89, 96, 97]. Top-down methodologies that 

reveal the aggregate metabolic size of the entire home 
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sector and bottom-up methods that explore micro-level 

consumption patterns in families have been employed 

to quantify household metabolism. The first method 

calculates the average materials and energy directly 

entering households, along with the indirect footprints 

from household material and energy usage. According 

to [50], this is accomplished through economy-wide 

(EW-MFA) and environmental extended input-output 

analysis (IOA). Based on questionnaire surveys or 

daily usage diaries kept by individual households, the 

latter creates inventories of material and product flows 

as well as in-use stocks [29, 80]. Top-down studies 

seek to provide broad perspectives on how households 

influence society’s overall resource exploitation and 

environmental emissions. On the other hand, bottom-up 

studies seek to provide additional information about 

product-level metabolism patterns that are connected 

to household consumption patterns and lifestyle. In 

comparison to micro-level indicators, macro-level 

indicators based on (MFA) have been more commonly 

used and explored [50, 64, 83].

According to Hertwich (2011), home metabolism 

studies currently rely on (IOA), a method that facili-

tates rapid assessment but is insufficiently thorough in 

modelling changes [58]. Input-output (I-O) analysis 

offers various advantages, including data availability, 

the capacity to operate on multiple scales, and the 

possibility to combine it with other methodologies 

(e.g., LCA) to provide better data.

To quantify home metabolism, a wide range of 

approaches have been used. The approaches most 

commonly used are environmental input-output (I-O) 

analysis, life cycle assessment, and the utilisation of 

economic, environmental, and expenditure data. The 

bottom-up approach of life cycle assessment (LCA), 

also known as the supply chain approach, is employed 

in the quantification of household metabolism through 

the compilation of inventories of material and product 

flows and in-use stocks, which are derived from 

questionnaire surveys or daily consumption diaries 

kept by individual households [29, 50, 53, 80].

 I-O analysis-based household studies are difficult 

because some commodities cannot be quantified by 

volume or weight and some goods are subject to 

environmental pressure. In addition to what has been 

stated, it is restricted to utilising expenditure for a 

variety of reasons, including the fact that different 

retailers have varying pricing, resulting in different 

quantities and environmental repercussions [53].

There are methods like environmentally extended 

(IOA) and economy-wide (EW-MFA) that help 

measure the materials and energy used directly by 

households and the indirect impacts of household 

consumption. These methods shift resource consum-

ption and emissions from different industries to 

household consumption. This approach is known as a 

top-down method for measuring household meta-

bolism [29, 50, 80].

According to Baynes et al. (2011), the use of both 

method-IO usage and embodied energy for over-

lapping policy applications is complementary and 

useful [57]. The regional energy evaluation pertains to 

economic structure, metropolitan economy manage-

ment, and prospective changes in urban production, 

whereas the IO results are more relevant to managing 

consumption behaviour and consumer responsibility.

Use of an (IOA) to convert emissions-related 

expenses through macro- and sectoral conversions has 

been the main method for most metabolism studies, 

which have used household expenditure records to 

convert them to emission or natural resources [56, 98, 

99]. The term “household metabolism” refers to the 

resources demand that are directly required in 

households, such as food and water for drinking and 

cooking, as well as the supply of resources that are 

indirectly necessary in households, such as energy 

needed to make items [28, 46].

In a hybridised methodology, bottom-up and top-down 
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methodologies can also be combined. As a result, a 

hybrid technique has emerged based on data from 

LCA’s IO process analysis, household expenditure 

surveys, and prices of products and services (IO- 

Process) [41, 50] employed hybrid LCA meth-

odologies as a comparative tool for family con-

sumption in several European nations.

Leray et al. (2014) suggest that combining both 

(MFA) and social practice theories (SPT) conceptual 

frameworks provides valuable insights towards more 

sustainable food systems [66]. While MFA describes 

and measures food consumption at the household 

level, SPT is used to investigate how individual, 

technological, and social aspects of food practices 

structure and constrain household food metabolism 

[66].

At the methodological level of environmental 

accounting, the household metabolism model includes 

significant components. It includes the indirect energy 

embedded in items at the ultimate consumption stage 

and the energetic input of capital goods and foreign 

commerce, giving a helpful hybrid LCA-IOA model.

Qualitative analysis of material flow samples from a 

small number of homes has been the focus of 

numerous studies that have investigated household 

metabolism (less than 30) [52, 100, 101], in contrast, 

[28] examined it in five European nations using a 

top-down approach to allocate macro-scale material 

flows to consumption. They found that the con-

sumption of food and transportation recreation shows 

the largest

As in [28, 75] look at different home categories, but 

average households from four different nations are 

also compared in terms of their spending and energy 

requirements (the Netherlands, the UK, Sweden, and 

Norway). To do so, the EAP database (Life cycle 

energy use and GHG emissions software for household 

consumption goods) was adapted to differences bet-

ween countries; however, the adaptation was not 

complete, which could result in large doubts.

Yang et al. (2012) used questionnaire surveys to 

collect data on renewable goods by total food expen-

ditures, food structure percentage, food price, and 

population to deal with household metabolism and 

cross-border environmental effects between the urban 

core of Xiamen, China, and its urban footprint region [89].

Policy

Household metabolism has been claimed to be 

critical to regional sustainability and low-carbon 

policies [102, 103].

A study by [104] found that the annual carbon 

footprints of each household member’s in-home food 

consumption range from 0.08 - 5 t CO2 eq. Disparities 

in meat and dairy consumption explain most of the 

differences between high- and low-impact households 

[104]. The food category was identified as a key 

source of emissions, with animal items taking the lead. 

Policy initiatives focused on lowering meat and dairy 

consumption can do two things: reduce food-related 

emissions while also encouraging a better lifestyle. 

Economic (for example, taxing meat and fat goods), 

regulatory (for example, simplifying sustainable 

product distribution), informational (e.g., labels and 

campaigns), and behavioural policy tools are all 

examples of policy tools (for example, lead by 

example) [53]. Another study done by González et al. 

(2011) also adopted strategies that aim to reduce the 

contribution to climate change by suggesting measures 

that encourage feeding a growing world population a 

vegetarian diet with a focus on consuming vegetable 

products with high protein content that have a low 

environmental impact compared with meat products 

[105]. Barrett et al.’s (2002) study recommends 

composting green waste, which contributes to 

sustainability [68].

Policy recommendations for reducing phosphorus 

discharge in the environment should include a low- 
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phosphorus diet, the promotion of low-phosphorus or 

no-phosphorus cleaning detergents, and the impor-

tance of efficient garbage treatment and sewage 

treatment infrastructure construction [73].

The combined analysis of the input-output (bottom- 

up) and regional (top-down) approaches used in the 

Melbourne metropolitan area showed that the regional 

production and IO consumption approaches, which 

target economic restructuring and consumption behavior, 

respectively, have particular relevance to policies. It is 

recommended that a combined analysis be used to 

comprehend urban energy futurism due to their 

complementarity.

Understanding who is responsible for what items 

and in what quantities and the crucial information 

needed to set appropriate resource usage reduction 

goals will aid policymakers in comprehending the 

important dynamics of household metabolism.

Many studies focused on the significant role of 

packaging and its functions for food waste in 

households. For example, the Wiliams et al. (2012) 

study found that about 20-25% of the food waste was 

related to the packaging design attributes [106].

An economy-wide material flow analysis of Paris 

[107] undertaken at several scales demonstrates that 

the city centre consumes more food and commodities 

than the suburbs around the city, which consume more 

fossil fuels and construction materials. New public 

policies on waste management and agricultural plans 

to employ local fertilisers and enhance local food 

production are among the recommendations [107].

Household waste arising depends on the gross mass 

of material entering households, the nature of the 

commodity, its packaging, and the time for which the 

commodity resides in the household before being 

discarded. It is reasonable to assume that all food 

packaging has a short lifespan (less than one year). 

This illustrates the influence of household meta-

bolisms and how the model can be used in waste 

management planning [108].

Kissinger and Damari (2021) state that most 

metabolism researches focus on a few homes rather 

than a society or country’s metabolism [53].

The accuracy of the findings is improved by using 

numerous National Household Expenditure Surveys, 

which gave a fairly wide population sample. It can also 

help with the ability to scale up the study from the 

specific families studied to the entire population, 

which is important when deciding on environmental 

policy.

According to previous studies, the consumer phase 

accounts for 11-19% of the environmental influence of 

food [50, 58]. One of the high-impact behaviours is 

reducing food waste. Cutting out all avoidable food 

waste reduces emissions by 12% [55]. Firmansyah et 

al. (2017) emphasised the necessity of collecting and 

processing kitchen garbage, which has a good impact 

on reducing the amount of waste moved to open-dump 

landfills, potentially reducing N leaching from 

landfills, and enhancing groundwater quality [109].

The challenge for cities is to move from a linear 

perspective (i.e., where resources and waste enter and 

exit the city boundaries, respectively) to a networked 

and cyclical perspective, as waste becomes a new 

input, reducing reliance on the hinterland for 

resources. A circular metabolism approach would 

reuse waste outputs as new inputs to meet the city’s 

needs and reduce dependence on raw materials [110]. 

Because N and P nutrients are lost to the environment, 

switching from a linear urban metabolism to a circular 

metabolism in which N and P from home waste and 

wastewater are recycled in farms is a good example 

[109].

While some policy attempts have been made to 

redress this problem (such as encouraging green 

shopping by using recyclable bags and compact 

fluorescent lights), these initiatives remain unknown. 

When studying household consumption as a linear 
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metabolism, the implication may be that disposal 

becomes a consequence of primarily obtaining. But 

suppose the idea of household metabolism is 

combined with the theory of practice. In that case, we 

will get positive results and become the centre circle. 

Thus, we are not related to reducing consumption but 

to consuming sustainably, which can be promoted by 

legislation that facilitates a circular economy and 

prevents waste, as shown in Figures 13 and 14.

Connecting the stock and flow components of 

household metabolism to investigate household in-use 

stocks can reveal not only the distinctive features of 

household consumption upgrades and quality of living 

advancements but also potential implications for 

environmental protection, waste management, and 

sustainable green consumption in the household sector 

targets for an increasingly urbanised society [113].

Figure 13. Quantifying the environmental benefits of a waste prevention activity at the household level [111].

Figure 14. Simplifying the circular economy [112].
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Conclusion

The current paper sets out to review empirical, 

peer-reviewed studies on households’ metabolism and 

food consumption and their relation to environmental 

impact, waste production, and sustainable household 

practices. These drawbacks emphasised the methods 

used for assessment, analysis, and the suggested 

measures. Household metabolism in developing 

countries may have a variety of dynamic charac-

teristics that reflect both social indications of success 

and shifting environmental repercussions resulting 

from household consumption. A study of household 

metabolism in many European cities, including 

Norway and the Netherlands, found that smaller 

homes utilise more resources per capita than bigger 

households, with a one-person household consuming 

nearly twice as much energy as a four-person house-

hold. Therefore, household metabolism evaluation is 

an important concept for urban development that helps 

resource efficiency transition.

Although several studies have used advanced 

modelling tools to examine household consumption in 

terms of sustainability and related environmental 

implications, the degree of cross-border environmental 

impacts remains unknown. Furthermore, such data 

have not been turned into complete management plans 

for cross-border environmental challenges and 

domestic consumption and waste reduction choices. It 

is still difficult to achieve sustainable home consum-

ption patterns; therefore, an integrated strategy can aid 

in taking appropriate measures in this direction. 

Advances in recycling and recovery rates will only 

substantially address the problem if resource pro-

ductivity and material consumption rise. As a result, it 

is determined that under the waste hierarchy, packages 

from food product inputs should be decreased at 

source, and incentives should be in place to enable 

more sustainable household use. To fully differentiate 

between lifestyle groups in consuming food, where 

needs and preferences drive a household’s options, it’s 

necessary to comprehend the preferences, opinions, 

and social consequences for metabolism. More 

research is needed to connect household metabolism 

research with a better knowledge of social, behavi-

oural, and lifestyle factors that influence consumption 

habits.

Limitations and Recommendations

Some information is unavailable on a household 

scale, but it is critical for understanding lifestyle 

choices. As a result, the research was limited by the 

lack of data and the necessity for consistent data 

gathering. In order to conduct a meaningful study, the 

sample size must be increased in future investigations.

Most research centred on developed countries, 

while only a handful looked into household 

metabolism in emerging countries throughout the 

rapid urbanisation process.

The ’truncation mistake’ in the LCA approach 

causes substantial underestimating of total impacts 

when applied to home consumption. In contrast, 

top-down evaluations use (IOA) and are able to 

allocate emissions across different sectors while 

accounting for the national economy as a whole. 

Consequently, this approach has the benefit of not 

underestimating global data; however, the calculations 

are restricted to economic sectors as opposed to 

individual items. Consequently, a hybridized meth-

odology combining top-down and bottom-up appro-

aches is required to evaluate GHG emissions and 

energy consumption. In order to determine the impacts 

over an inventory of operations and purchases, 

‘bottom-up’ approaches use process-based (LCA) 

methods. These methods involve adding up esti-

mations of emission related to specific items and assets 

used during production. The study found that a new 



N. Abdeljawad et al. ∙ 233

hybrid LCA-IOA tool can replace environmental 

pressures associated with household usage for a given 

population—be it a city, region, or country—by 

estimating the entire energy needs of households. 

Despite utilizing an IOA, which is inherently a 

top-down assessment method, the hybrid approach 

prioritizes the bottom-up method as it progresses from 

micro (home) to macro (varying sizes of social aggre-

gation).

References

[1] United Nations. 68% of the world population 
projected to live in urban areas by 2050, says UN 
| UN DESA | United Nations Department of Eco-
nomic and Social Affairs. United Nations [Online], 
2018, May 16. Available at: https://www.un.org/ 
development/desa/en/news/population/2018-rev
ision-of-world-urbanization-prospects.html 
[Accessed 11/06/2024].

[2] The World Bank. Urban Development-Overview. 
World Bank [Online], 2023. Available at: https:// 
www.worldbank.org/en/topic/urbandevelopmen
t/overview [Accessed 11/06/2024].

[3] A. Grubler, X. Bai, T. Buettner, S. Dhakal, D.J. 
Fisk, T. Ichinose, J.E. Keirstead, G. Sammmer, 
D. Satterthwaite, and N.B. Schulz, Urban energy 

systems. 2012, Global Energy Assessment: Toward 
a sustainable future, cambridge: cambridge Uni-
versity Press, 1307-1400.

[4] K.C. Seto, S. Dhakal, A. Bigio, H. Blanco, G.C. 
Delgado, D. Dewar, L. Huang, A. Inaba, A. Kansal, 
and S. Lwasa, Human settlements, infrastructure 

and spatial planning. 2014, In climate chage 2014: 
Mitigation of climate change. IPCC working group 
III contribution to AR5. cambridge university Press.

[5] C. Kennedy, J. Cuddihy, and J. Engel‐Yan, The 

Changing Metabolism of Cities. Journal of 
Industrial Ecology. 11(2) (2007), pp. 43-59. 
DOI: https://doi.org/10.1162/jie.2007.1107.

[6] S. Niza, L. Rosado, and P. Ferrão, Urban Meta-

bolism. Journal of Industrial Ecology. 13(3) 
(2009), pp. 384-405. DOI: https://doi.org/10.1111/ 
j.1530-9290.2009.00130.x.

[7] X. Cui, X. Wang, and Y. Feng, Examining urban 

Metabolism: A material flow perspective on 

cities and their Sustainability. Journal of Cleaner 
Production. 214 (2019), pp. 767-781. DOI: 
https://doi.org/10.1016/j.jclepro.2019.01.021.

[8] S. Barles, Society, energy and materials: The 

contribution of urban metabolism studies to 

sustainable urban development issues. Journal of 
Environmental Planning and Management. 53(4) 
(2010), pp. 439-455. DOI: https://doi.org/10.1080/ 
09640561003703772.

[9] E.H. Decker, S. Elliott, F.A. Smith, D.R. Blake, 
and F.S. Rowland, Energy and Material Flow 

Through the Urban Ecosystem. Annual Review 
of Energy and the Environment. 25(1) (2000), 
pp. 685-740. DOI: https://doi.org/10.1146/annurev. 
energy.25.1.685.

[10] S. Cao, Y. Lv, H. Zheng, and X. Wang, Chall-

enges facing China’s unbalanced urbanization 

strategy. Land Use Policy. 39 (2014), pp. 412-415. 
DOI: https://doi.org/10.1016/j.landusepol.2013.12.004.

[11] J.D. Céspedes Restrepo and T. Morales-Pinzón, 
Urban metabolism and sustainability: Precedents, 

genesis and research perspectives. Resources, 
Conservation and Recycling. 131 (2018), pp. 
216-224. DOI: https://doi.org/10.1016/j.resconrec. 
2017.12.023.

[12] P. Ferrão and J.E. Fernández, Sustainable Urban 

Metabolism. 2013, MIT Press.

[13] R. Clift, A. Druckman, I. Christie, C. Kennedy, 
and J. Keirstead (n.d.), Urban Metabolism: A 
review in the UK context. 83. 2015.

[14] Y. Zhang, Urban Metabolism: A review of research 

methodologies. Environmental Pollution. 178 (2013), 
pp. 463-473. DOI: https://doi.org/10.1016/j.envpol. 
2013.03.052.

[15] D. Browne, B. O’Regan, and R. Moles, Assess-

ment of total urban Metabolism and metabolic 

inefficiency in an Irish city-region. Waste Mana-
gement. 29(10) (2009), pp. 2765-2771. DOI: 
https://doi.org/10.1016/j.wasman.2009.05.008.

[16] S. Maranghi, M.L. Parisi, A. Facchini, A. Rubino, 
O. Kordas, and R. Basosi, Integrating urban 

Metabolism and life cycle assessment to analyze 

urban Sustainability. Ecological Indicators. 112 
(2020), 106074. DOI: https://doi.org/10.1016/ 
j.ecolind.2020.106074.

[17] A. Wolman, The Metabolism of Cities. Scientific 
American. 213(3) (1965), pp. 178-193.



234 ∙ International Journal of Sustainable Building Technology and Urban Development Vol. 15, No. 2, 2024

[18] B.S. Reddy, Metabolism of Mumbai-expectations, 
impasse and the need for a new beginning [On-
line], Available at: http://oii.igidr.ac.in:8080/xml 
ui/handle/2275/276 [Accessed 10/06/2024].

[19] M. Dijst, E. Worrell, L. Böcker, P. Brunner, S. 
Davoudi, S. Geertman, R. Harmsen, M. Helbich, 
A.A.M. Holtslag, M.-P. Kwan, B. Lenz, G. 
Lyons, P.L. Mokhtarian, P. Newman, A. Perrels, 
A.P. Ribeiro, J. Rosales Carreón, G. Thomson, 
D. Urge-Vorsatz, and M. Zeyringer, Exploring 

urban Metabolism—Towards an interdisciplinary 

perspective. Resources, Conservation and Recy-
cling. 132 (2018), pp. 190-203. DOI: https:// 
doi.org/10.1016/j.resconrec.2017.09.014.

[20] G. Lucertini and F. Musco, Circular Urban 

Metabolism Framework. One Earth. 2(2) (2020), 
pp. 138-142. DOI: https://doi.org/10.1016/j.oneear. 
2020.02.004.

[21] J. Rotmans, M. van Asselt, and P. Vellinga, An 

integrated planning tool for sustainable cities. 

Environmental Impact Assessment Review. 
20(3) (2000), pp. 265-276. DOI: https://doi.org/ 
10.1016/S0195-9255(00)00039-1.

[22] W. Huang, S. Cui, M. Yarime, S. Hashimoto, 
and S. Managi, Improving urban metabolism 

study for sustainable urban transformation. Environ-
mental Technology & Innovation. 4 (2015), pp. 
62-72. DOI: https://doi.org/10.1016/j.eti.2015.04.004.

[23] D. Beloin-Saint-Pierre, B. Rugani, S. Lasvaux, 
A. Mailhac, E. Popovici, G. Sibiude, E. Benetto, 
and N. Schiopu, A review of urban metabolism 

studies to identify key methodological choices for 

future harmonization and implementation. Journal 
of Cleaner Production. 163 (2017), pp. S223-S240. 
DOI: https://doi.org/10.1016/j.jclepro.2016.09.014.

[24] United Nations Changing consumption patterns. 
Agenda 21. New York: United Nations Department 
of Public Information, 1993—Google Search. 
(1992). Retrieved May 22 2021, from Agenda 
21.doc (un.org).

[25] J. Liu, R. Wang, and J. Yang, Metabolism and 

Driving Forces of Chinese Urban Household Con-

sumption. Population and Environment. 26(4) (2005), 
pp. 325-341. DOI: https://doi.org/10.1007/s11111- 
005-3345-8.

[26] W. Biesiot and K.J. Noorman, Energy requirements 

of household consumption: A case study of The 

Netherlands. Ecological Economics. 28(3) (1999), 

pp. 367-383. DOI: https://doi.org/10.1016/S0921- 
8009(98)00113-X.

[27] Y. Zhang, Z. Yang, and X. Yu. Urban Metabolism: 

A Review of Current Knowledge and Directions 

for Future Study. Environmental Science & 
Technology. 49(19) (2015), pp. 11247-11263.

[28] H.C. Moll, K.J. Noorman, R. Kok, R. Engström, 
H. Throne‐Holst, and C. Clark, Pursuing More 

Sustainable Consumption by Analyzing Household 

Metabolism in European Countries and Cities. 

Journal of Industrial Ecology. 9(1-2) (2005), pp. 
259-275. DOI: https://doi.org/10.1162/108819 
8054084662.

[29] R. Harder, M. Dombi, and G.M. Peters, Pers-

pectives on quantifying and influencing house-

hold metabolism. Journal of Environmental Plan-
ning and Management. 60(2) (2017), pp. 178-203. 
DOI: https://doi.org/10.1080/09640568.2016.1142864.

[30] D. Wiedenhofer, M. Lenzen, and J.K. Steinberger, 
Energy requirements of consumption: Urban form, 

climatic and socio-economic factors, rebounds 

and their policy implications. Energy Policy. 63 
(2013), pp. 696-707. DOI: https://doi.org/10.1016/ 
j.enpol.2013.07.035.

[31] S. Geislar, The Determinants of Household Food 

Waste Reduction. Recovery, and Reuse: Toward 
a Household Metabolism. (2018). DOI: https:// 
doi.org/10.1016/B978-0-08-100596-5.22448-7.

[32] T.-W. Luo, Z.-Y. Ouyang, X.-K. Wang, H. Miao, 
and H. Zheng, Dynamics of urban food-carbon 

consumption in Beijing households. Acta Eco-
logica Sinica. 25(12) (2005), pp. 3252-3258. 

[33] K.J. Noorman and T.S. Uiterkamp, Green House-

holds: Domestic Consumers, the Environment 

and Sustainability. 2014, Routledge.

[34] Sustainable consumption and production | Depart-
ment of Economic and Social Affairs [Online], 
2015. Available at: https://sdgs.un.org/topics/ 
sustainable-consumption-and-production 
[Accessed 25/03/2021].

[35] United Nations Division for Sustainable Deve-
lopment-WSSD Plan of Implementation—Chapter 
3 [Online], 2004. Available at: https://www.un. 
org/esa/sustdev/documents/WSSD_POI_PD/En
glish/POIChapter3.htm [Accessed 25/03/2021].

[36] G. D’Alisa, M.F. Di Nola, and M. Giampietro, A 

multi-scale analysis of urban waste metabolism: 

Density of waste disposed in Campania. Journal 



N. Abdeljawad et al. ∙ 235

of Cleaner Production. 35 (2012), pp. 59-70. 
DOI: https://doi.org/10.1016/j.jclepro.2012.05.017.

[37] S. Caeiro, T.B. Ramos, and D. Huisingh, Pro-

cedures and criteria to develop and evaluate 

household sustainable consumption indicators. 

Journal of Cleaner Production. 27 (2012), pp. 72-91. 
DOI: https://doi.org/10.1016/j.jclepro.2011.12.026.

[38] C.A.J. Vlek, Culture, consumption and lifestyles 

in relation to sustainable development. In S. 
Zwerver, R. S. A. R. van Rompaey, M. T. J. Kok, 
& M. M. Berk (Eds.), 1995. Studies in 
Environmental Science (Vol. 65, pp. 1201-1225). 
Elsevier. DOI: https://doi.org/10.1016/S0166-1116(06) 
80152-4.

[39] K. Schanes, K. Dobernig, and B. Gözet, Food 

waste matters—A systematic review of house-

hold food waste practices and their policy 

implications. Journal of Cleaner Production. 182 
(2018), pp. 978-991. DOI: https://doi.org/10.1016/ 
j.jclepro.2018.02.030.

[40] L. Principato, G. Mattia, A. Di Leo, and C.A. 
Pratesi, The household wasteful behaviour frame-

work: A systematic review of consumer food 

waste. Industrial Marketing Management. 93 
(2021), pp. 641-649. DOI: https://doi.org/10.1016/ 
j.indmarman.2020.07.010.

[41] R. Kok, R.M.J. Benders, and H.C. Moll, Measur-

ing the environmental load of household con-

sumption using some methods based on input- 

output energy analysis: A comparison of methods 

and a discussion of results. Energy Policy. 34(17) 
(2006), pp. 2744-2761. DOI: https://doi.org/10.1016/ 
j.enpol.2005.04.006.

[42] M. Petticrew and H. Roberts, Systematic reviews 

in the social sciences: A practical guide. 2008, 
John Wiley & Sons.

[43] D. Moher, A. Liberati, J. Tetzlaff, D.G. Altman, 
and T.P. Group, Preferred Reporting Items for 

Systematic Reviews and Meta-Analyses: The 

PRISMA Statement. PLOS Medicine. 6(7) (2009), 
e1000097. DOI: https://doi.org/10.1371/journal. 
pmed.1000097.

[44] H. Keathley-Herring, E. Van Aken, F. Gonzalez- 
Aleu, F. Deschamps, G. Letens, and P.C. Orlandini, 
Assessing the maturity of a research area: 

Bibliometric Review and proposed framework. 

Scientometrics. 109(2) (2016), pp. 927-951. DOI: 
https://doi.org/10.1007/s11192-016-2096-x.

[45] A. Strydom, J.K. Musango, and P.K. Currie, Con-

ceptualizing Household Energy Metabolism: A 

Methodological Contribution. Energies. 12(21) 
(2019), 4125. DOI: https://doi.org/10.3390/en 
12214125.

[46] B.M. Frostell, R. Sinha, G. Assefa, and L.E. 
Olsson, Modeling both direct and indirect 

environmental load of purchase decisions: A 

web-based tool addressing household meta-

bolism. Environmental Modelling & Software. 
71 (2015), pp. 138-147. DOI: https://doi.org/10. 
1016/j.envsoft.2015.05.014.

[47] X. Bai, Industrial Ecology and the Global 

Impacts of Cities. Journal of Industrial Ecology. 
11(2) (2007), pp. 1-6. DOI: https://doi.org/10. 
1162/jie.2007.1296.

[48] A.C. Kerkhof, S. Nonhebel, and H.C. Moll, 
Relating the environmental impact of consum-

ption to household expenditures: An input-output 

analysis. Ecological Economics. 68(4) (2009), 
pp. 1160-1170. DOI: https://doi.org/10.1016/ 
j.ecolecon.2008.08.004.

[49] K.J. Noorman and T. Schoot Uiterkamp, Diag-
nosing and evaluating household metabolism. 

Green Households? Domestic Consumers, Environ-

ment, and Sustainability. 1998, Routledge.

[50] M.D. Donato, P.L. Lomas, and Ó. Carpintero, 
Metabolism and Environmental Impacts of 

Household Consumption: A Review on the 

Assessment, Methodology, and Drivers. Journal 
of Industrial Ecology. 19(5) (2015), pp. 904-916. 
DOI: https://doi.org/10.1111/jiec.12356.

[51] J. Liu, M. Wang, C. Zhang, M. Yang, and Y. Li, 
Material flows and in-use stocks of durable 

goods in Chinese urban household sector. 

Resources, Conservation and Recycling. 158 
(2020), 104758. DOI: https://doi.org/10.1016/ 
j.resconrec.2020.104758.

[52] L. Leray, M. Sahakian, and S. Erkman, Under-

standing household food metabolism: Relating 

micro-level material flow analysis to consum-

ption practices. Journal of Cleaner Production. 
125 (2016), pp. 44-55. DOI: https://doi.org/10. 
1016/j.jclepro.2016.03.055.

[53] M. Kissinger and Y. Damari, Household meta-

bolism: Integrating socio-economic characte-

ristics and lifestyles on individual and national 

scales as a mean for advancing environmental 



236 ∙ International Journal of Sustainable Building Technology and Urban Development Vol. 15, No. 2, 2024

management. Journal of Environmental Manage-
ment. 279 (2021), 111526. DOI: https://doi.org/ 
10.1016/j.jenvman.2020.111526.

[54] S. Geislar, The Determinants of Household Food 

Waste Reduction, Recovery, and Reuse: Toward 

a Household Metabolism. 2019, In Encyclopedia 
of Food Security and Sustainability (pp. 567- 
574). Elsevier. DOI: https://doi.org/10.1016/B9 
78-0-08-100596-5.22448-7.

[55] C. Hoolohan, M. Berners-Lee, J. McKinstry-West, 
and C.N. Hewitt, Mitigating the greenhouse gas 

emissions embodied in food through realistic 

consumer choices. Energy Policy. 63 (2013), pp. 
1065-1074. DOI: https://doi.org/10.1016/j.enpol. 
2013.09.046.

[56] G. Hardadi, A. Buchholz, and S. Pauliuk, Impli-

cations of the distribution of German household 

environmental footprints across income groups 

for integrating environmental and social policy 

design. Journal of Industrial Ecology. 25(1) 
(2021), pp. 95-113. DOI: https://doi.org/10. 
1111/jiec.13045.

[57] T. Baynes, M. Lenzen, J.K. Steinberger, and X. 
Bai, Comparison of household consumption and 

regional production approaches to assess urban 

energy use and implications for policy. Energy 
Policy. 39(11) (2011), pp. 7298-7309. DOI: 
https://doi.org/10.1016/j.enpol.2011.08.053.

[58] E.G. Hertwich, The Life Cycle Environmental 

Impacts of Consumption. Economic Systems 
Research. 23(1) (2011), pp. 27-47. DOI: https:// 
doi.org/10.1080/09535314.2010.536905.

[59] D. Padovan, F. Martini, and A.K. Cerutti, Social 

Practices of Ordinary Consumption: An Intro-

duction to Household Metabolism. Journal of 
Socialomics. 4(2) (2015), 11.

[60] J. Liu, R. Wang, and J. Yang, Environment consum-

ption patterns of Chinese urban households and 

their policy implications. International Journal of 
Sustainable Development & World Ecology. 
16(1) (2009), pp. 9-14. DOI: https://doi.org/10. 
1080/13504500902749012.

[61] D.P. Jimenez Encarnacion, Understanding House-
hold Food Waste: Setting Data into Context for 
Effective Eco-feedback [Master’s Thesis]. (2017).

[62] L. Dahlén and A. Lagerkvist, Methods for 

household waste composition studies. Waste 
Management. 28(7) (2008), pp. 1100-1112.

[63] S. Lebersorger and F. Schneider, Discussion on 

the methodology for determining food waste in 

household waste composition studies. Waste 
Management. 31(9) (2011), pp. 1924-1933. DOI: 
https://doi.org/10.1016/j.wasman.2011.05.023.

[64] M. Dombi, A. Karcagi-Kováts, K. Tóth-Szita, 
and I. Kuti, The structure of socio-economic 

Metabolism and its drivers on household level in 

Hungary. Journal of Cleaner Production. 172 
(2018), pp. 758-767. DOI: https://doi.org/10. 
1016/j.jclepro.2017.10.220.

[65] M. Bissmont, K. Sandell, and H.B. Wittgren, 
Reducing household waste: A social practice 

perspective on Swedish household waste pre-

vention. 2020, Malmö universitet, & Fakulteten 
för kultur och samhälle Kan.

[66] L. Leray, M. Sahakian, L. Chakraborty, and S. 
Erkman, Food Metabolism at the household 

level: Towards a better accounting of consum-

ption practices. The 11th International Society 
For Industrial Ecology (ISIE) Socio-Economic 
Metabolism Section Conference and The 4th 
ISIE Asia-Pacific Conference. (2014).

[67] B.J. Pearce and M. Chertow, Scenarios for 

achieving absolute reductions in phosphorus 

consumption in Singapore. Journal of Cleaner 
Production. 140 (2017), pp. 1587-1601. DOI: 
https://doi.org/10.1016/j.jclepro.2016.09.199.

[68] J. Barrett, H. Vallack, A. Jones, and G. Haq, A 

Material Flow Analysis and Ecological Foot-

print of York. Stockholm Environment Institute. 
(2002). DOI: https://doi.org/10.13140/RG.2.1. 
3258.6085.

[69] G. Zhiying and L. Cuiyan, Empirical Analysis on 

Ecological Footprint of Household Consumption 

in China. Energy Procedia. 5 (2011), pp. 2387- 
2391. DOI: https://doi.org/10.1016/j.egypro.2011. 
03.410.

[70] J. Forkes, Nitrogen balance for the urban food 

metabolism of Toronto, Canada. Resources, Con-
servation and Recycling. 52(1) (2007), pp. 74-94. 
DOI: https://doi.org/10.1016/j.resconrec.2007.02.003.

[71] L.A. Baker, P.M. Hartzheim, S.E. Hobbie, J.Y. 
King, and K.C. Nelson, Effect of consumption 

choices on fluxes of carbon, nitrogen and phos-

phorus through households. Urban Ecosystems. 
10(2) (2007), pp. 97-117. DOI: https://doi.org/ 
10.1007/s11252-006-0014-3.



N. Abdeljawad et al. ∙ 237

 [72] Z. Bai, L. Ma, W. Ma, W. Qin, G.L. Velthof, O. 
Oenema, and F. Zhang, Changes in phosphorus 

use and losses in the food chain of China during 

1950-2010 and forecasts for 2030. Nutrient 
Cycling in Agroecosystems. 104(3) (2016), pp. 
361-372. DOI: https://doi.org/10.1007/s10705- 
015-9737-y.

[73] C. Xiong, Z. Guo, S.S. Chen, Q. Gao, M.A. 
Kishe, and Q. Shen, Understanding the pathway 

of phosphorus metabolism in urban household 

consumption system: A case study of Dar es Salaam, 

Tanzania. Journal of Cleaner Production. 274 
(2020), 122874. DOI: https://doi.org/10.1016/ 
j.jclepro.2020.122874.

[74] H. Throne-Holst, E. Sto, R. Kok, and H.C. Moll, 
Household Metabolism in the five cities. (no. 
9-2002 ed.) National Institute for Consumer 
research, Lysaker, Norway. (2002).

[75] A. Carlsson‐Kanyama, R. Engström, and R. Kok, 
Indirect and Direct Energy Requirements of City 

Households in Sweden: Options for Reduction, 

Lessons from Modeling. Journal of Industrial 
Ecology. 9(1-2) (2005), pp. 221-235. DOI: 
https://doi.org/10.1162/1088198054084590.

[76] A. Carlsson-Kanyama, R. Karlsson, H. Moll, R. 
Kok, and A. Wadeskog, Household Metabolism 

in the Five Cities. Swedish National Report- 
Stockholm. Stockholm Univ. and Swedish Defence 
Research Agency. (2002).

[77] C. Clark, B.C.M. Gatersleben, H.C. Moll, and R. 
Kok, Household Metabolism in the five cities 
[Online], 2003. Available at: https://research.rug. 
nl/en/publications/household-metabolism-in-the
-five-cities-3.

[78] A. Druckman and T. Jackson, The Local Area 

Resource Analysis (Lara) Model: Concepts, Meth-

odology And Applications. Resolve. (2008), 50.

[79] M. Prášilová, R. Procházková, and P. Varvažovská, 
Pro-environmental Behaviour of Households in 

the Czech Republic. Acta Universitatis Agriculturae 
et Silviculturae Mendelianae Brunensis. 63(2) 
(2015), pp. 607-616. DOI: https://doi.org/10. 
11118/actaun201563020607.

[80] R. Harder, Y. Kalmykova, G.M. Morrison, F. 
Feng, M. Mangold, and L. Dahlén, Quantification 

of Goods Purchases and Waste Generation at 

the Level of Individual Households. Journal of 
Industrial Ecology. 18(2) (2014), pp. 227-241. 

DOI: https://doi.org/10.1111/jiec.12111.

[81] L. Rosado and P. Ferrão, Measuring the Embodied 

Energy in Household Goods: Application to the 

Lisbon City. In ConAccount 2008: Urban Meta-
bolism, Measuring the Ecological City. (2008).

[82] K. Lei, L. Liu, D. Hu, and I. Lou, Mass, energy, 

and emergy analysis of the Metabolism of Macao. 

Journal of Cleaner Production. 114 (2016), pp. 
160-170. DOI: https://doi.org/10.1016/j.jclepro. 
2015.05.099.

[83] H. Schandl, D.B. Müller, and Y. Moriguchi, 
Socio-economic Metabolism Takes the Stage in 

the International Environmental Policy Debate: 

A Special Issue to Review Research Progress 

and Policy Impacts. Journal of Industrial Ecology. 
19(5) (2015), pp. 689-694. DOI: https://doi.org/ 
10.1111/jiec.12357.

[84] B. Gatersleben, Sustainable household consumption 

and quality of life: The acceptability of sus-

tainable consumption patterns and consumer 

policy strategies. International Journal of Environ-
ment and Pollution. 15(2) (2001), 200. DOI: 
https://doi.org/10.1504/IJEP.2001.000596.

[85] G. Durrenberger and  P. Nikola, Energy Metabolism 

of Swiss Households. Paper read at The Second 
International Symposium on Sustainable House-
hold Consumption. 3-4. June, at Groningen-Paters-
wolde. (1999). 

[86] J. Van der Wal and K.J. Noorman, Analysis of 

household metabolic flows. 2014, In Green House-
holds: Domestic Consumers, the Environment 
and Sustainability (pp. 35-63). Scopus. Available at: 
https://www.scopus.com/inward/record.uri?eid=2
-s2.0-85071894429&partnerID=40&md5=81a46e
6ae2f2bb0f425b7419eea9ffb1.

[87] A. Tukker, M.J. Cohen, K. Hubacek, and O. 
Mont, The Impacts of Household Consumption 

and Options for Change. Journal of Industrial 
Ecology. 14(1) (2010), pp. 13-30. DOI: https:// 
doi.org/10.1111/j.1530-9290.2009.00208.x.

[88] A.H.M.E. Reinders, K. Vringer, and K. Blok, 
The direct and indirect energy requirement of 

households in the European Union. Energy Policy. 
31(2) (2003), pp. 139-153. DOI: https://doi.org/ 
10.1016/S0301-4215(02)00019-8.

[89] D. Yang, L. Gao, L. Xiao, and R. Wang, Cross- 

boundary environmental effects of urban house-

hold metabolism based on an urban spatial con-



238 ∙ International Journal of Sustainable Building Technology and Urban Development Vol. 15, No. 2, 2024

ceptual framework: A comparative case of Xiamen. 

Journal of Cleaner Production. 27 (2012), pp. 1-10. 
DOI: https://doi.org/10.1016/j.jclepro.2011.12.033.

[90] P.W.G. Newman, Sustainability and cities: Extending 

the metabolism model. Landscape and Urban 
Planning. 44(February) (1999), pp. 219-226.

[91] J. Aschemann-Witzel, I.E. de Hooge, and V.L. 
Almli, My style, my food, my waste! Consumer 

food waste-related lifestyle segments. Journal of 
Retailing and Consumer Services. 59 (2021), 102353. 
DOI: https://doi.org/10.1016/j.jretconser.2020.102353.

[92] S. Geislar, Closing the Food Systems Loop: 

Leveraging Social Sciences to Improve Organic 

Waste Policy, UC Irvine, Thesis. (2016). Available 
at: https://escholarship.org/uc/item/1rb9t0qt.

[93] C. López-Eccher, E. Garrido-Ramírez, I. Franchi- 
Arzola, and E. Muñoz, Life Cycle Assessment of 

Households in Santiago, Chile: Environmental 

Hotspots and Policy Analysis. Sustainability. 
13(5) (2021), 2525. DOI: https://doi.org/10.3390/ 
su13052525.

[94] P.H. Brunner and H. Rechberger, Handbook of 

Material Flow Analysis: For Environmental, 

Resource, and Waste Engineers. Second Edition. 
2016, CRC Press.

[95] F. Feng, Towards Quantification of Purchases 

and Waste Generation at the level of Individual 

Households: A pilot-study on Two Swedish House-

holds, 2012. Available at: http://urn.kb.se/resolve?urn= 
urn:nbn:se:uu:diva-182192.

[96] H.R. Sahely, S. Dudding, and C.A. Kennedy, 
Estimating the urban Metabolism of Canadian 

cities: Greater Toronto Area case study. Cana-
dian Journal of Civil Engineering. 30(2) (2003), 
pp. 468-483.

[97] G. Liu, Z. Yang, and B. Chen, Comparison of 

different urban development strategy options to 

the urban metabolism optimal path. Procedia 
Environmental Sciences. 5 (2011), pp. 178-183. DOI: 
https://doi.org/10.1016/j.proenv.2011.03.065.

[98] J. Heinonen and S. Junnila, A Carbon Consum-

ption Comparison of Rural and Urban Lifestyles. 

Sustainability. 3(8) (2011), pp. 1234-1249. DOI: 
https://doi.org/10.3390/su3081234.

[99] A. Druckman and T. Jackson, The carbon foot-

print of UK households 1990-2004: A socio- 

economically disaggregated, quasi-multi-regional 

input-output model. Ecological Economics. 68(7) 

(2009), pp. 2066-2077. DOI: https://doi.org/10. 
1016/j.ecolecon.2009.01.013.

[100] E. Kotakorpi, S. Lähteenoja, and M. Lettenmeier, 
Natural resource consumption of Finnish house-

holds and its reduction. Finnish Environment 
Institute. (2008), 160.

[101] M. Lettenmeier, C. Liedtke, and H. Rohn, Eight 

Tons of Material Footprint—Suggestion for a 

Resource Cap for Household Consumption in 

Finland. Resources. 3 (2014), pp. 488-515. DOI: 
https://doi.org/10.3390/resources3030488.

[102] N. Codoban and C.A. Kennedy, Metabolism of 

neighborhoods. Journal of Urban Planning and 
Development. 134(1) (2008), pp. 21-31.

[103] R. Moles, W. Foley, J. Morrissey, and B. 
O’Regan, Practical appraisal of sustainable 

development—Methodologies for sustainability 

measurement at settlement level. Environmental 
Impact Assessment Review. 28(2) (2008), pp. 
144-165. DOI: https://doi.org/10.1016/j.eiar. 
2007.06.003.

[104] D. Saner, C. Beretta, B. Jäggi, R. Juraske, F. 
Stoessel, and S. Hellweg, FoodPrints of 

households. The International Journal of Life 
Cycle Assessment. 21(5) (2016), pp. 654-663. 
DOI: https://doi.org/10.1007/s11367-015-0924-5.

[105] A.D. González, B. Frostell, and A. Carlsson- 
Kanyama, Protein efficiency per unit energy and 

per unit greenhouse gas emissions: Potential 

contribution of diet choices to climate change 

mitigation. Food Policy. 36(5) (2011), pp. 562-570. 
DOI: https://doi.org/10.1016/j.foodpol.2011.07.003.

[106] H. Williams, F. Wikström, T. Otterbring, M. 
Löfgren, and A. Gustafsson, Reasons for house-

hold food waste with special attention to pac-

kaging. Journal of Cleaner Production. 24 (2012), 
pp. 141-148. DOI: https://doi.org/10.1016/j.jclepro. 
2011.11.044.

[107] S. Barles, Urban Metabolism of Paris and Its 

Region. Journal of Industrial Ecology. 13(6) (2009), 
pp. 898-913. DOI: https://doi.org/10.1111/j.1530-9290. 
2009.00169.x.

[108] A. Druckman, P. Sinclair, and T. Jackson, A geo-

graphically and socio-economically disaggregated 

local household consumption model for the UK. 

Journal of Cleaner Production. 16(7) (2008), pp. 
870-880. DOI: https://doi.org/10.1016/j.jclepro. 
2007.05.004.



N. Abdeljawad et al. ∙ 239

[109] I. Firmansyah, M. Spiller, F.J. de Ruijter, G.J. 
Carsjens, and G. Zeeman, Assessment of nitrogen 

and phosphorus flows in agricultural and urban 

systems in a small island under limited data 

availability. Science of The Total Environment. 
574 (2017), pp. 1521-1532. DOI: https://doi. 
org/10.1016/j.scitotenv.2016.08.159.

[110] J.K. Musango, P. Currie, and B. Robinson, 
Urban Metabolism for resource efficient cities: 
from theory to implementation [Online], 2017. 
Paris: UN Environment. Available at: https:// 
resourceefficientcities.org/wp-content/uploads/2
017/09/Urban-Metabolism-for-Resource-Efficie
nt-Cities.pdf [Accessed 11/06/2024].

[111] E. Lèbre, Modelling environmental benefits of 

household waste prevention. Norwegian University 
of Science and Technology. 82 (2012).

[112] Asian Development Bank, Waste to Energy in 

the Age of the Circular Economy: Best Practice 

Handbook. 0 edn. Manila, Philippines: Asian 
Development Bank. doi: 10.22617/TIM200330- 
2, 2020.

[113] D.B. Müller, Stock dynamics for forecasting 

material flows—Case study for housing in The 

Netherlands. Ecological Economics. 59(1) (2006), 
pp. 142-156. DOI: https://doi.org/10.1016/j.ecolecon. 
2005.09.025.


